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INTRODUCTION

BACKGROUND

1. The U.S. Army has identified a requirement for intermediate range-extension
capability for the UH-60A Black Hawk. To meet this requirement, Sikorsky Aircraft,
Division of United Technologies, developed the External Fuel System (EFS), a modified
version of the External Stores Support System (ESSS). The EFS has a shorter version of
the ESSS wings which attach to the ESSS fixed provisions. The U.S. Army Aviation
Systems Command (AVSCOM) directed the U.S. Army Aviation Engineering Flight
Activity (AEFA) to conduct a Preliminary Airworthiness Evaluation (PAE) of the
UH-60A helicopter with the EFS installed (ref 1, app A). This test request was
subsequently amended by AVSCOM to include additional level flight performance tests
(ref 2).

TEST OBJECTIVES

2. The objectives of this test were to determine the effects of the EFS configuration on
UH-60A performance and handling qualities, to determine airworthiness of the EFS
installation and to provide data to support issuance of an airworthiness release to the user.
An additional objective was to evaluate the effects of various door/window configurations
on level flight performance.

DESCRIPTION

3. The UH-60A Black Hawk helicopter is a twin-turbine, single main rotor helicopter
capable of transporting cargo, 11 combat troops and weapons during day, night, visual
meteorological conditions and instrument meteorological conditions. The Black Hawk has
conventional wheel-type landing gear. The main and tail rotors each have four blades.
The main rotor blades and the tail pylon can be folded manually to facilitate air
transportability. A movable horizontal stabilator is located on the lower potion of the tail
pylon. The helicopter is powered by two T700-GE-700 turboshaft engines each having an
uninstalled thermodynamic rating of 1584 shaft horsepower (shp) at sea level, standard
day static conditions (30-minute limit, power turbine speed of 20,900 revolutions per
minute). Installed dual-engine power is limited by the 2828 shp continuous rating of the
main transmission.

4. The UH-60A helicopter (USA S/N 82-23748) used for this evaluation was a
sixth-year production Black Hawk which incorporates the ESSS fixed provisions, the
reoriented production airspeed probes and the modified production stabilator schedule. A
more detailed description of the UH-60A is available in the Prime Item Development
Specification (ref 3) and the operator’'s manual (ref 4).

5. The UH-60A EFS has a shorter version of the ESSS wings. The wings attach to the
ESSS fixed provisions with nc modification to the aircraft. Each wing has one vertical
storage pylon designed to carry an externally mounted 230-gallon fuel tank. A more
detailed description of the EFS is contained in appendix B.




TEST SCOPE

6. The PAE was conducted at Edwards AFB, California (elevation 2302 feet) between
21 March and 20 May 1988. Twenty-two test flights were conducted for a total of
27 productive flight hours. The PAE consisted of performance and handling qualities
tests of the UH-60A EFS (no-stores and two-tank configurations) and level flight
performance tests of the UH-60A EFS (two tanks) with cargo doors and gunner windows
open and pilot and copilot doors installed and removed. Flight restrictions and operating
limitations observed during the evaluation are contained in the operator's manual (ref 4)
and in the airworthiness release (ref 5). Tests were conducted in accordance with the
AEFA test plan (ref 6) and an amendment to the AVSCOM test request (ref 2). Test
conditions are listed in table 1.

TEST METHODOLOGY

7. Data from the test instrumentation system was recorded by on~board magnetic tape
recording equipment, and by hand from indicators in the cockpit. A detailed listing of test
instrumentation is contained in appendix C. Test boom pitot-static system data from a
previous AEFA evaluation (ref 7) were used to augment data from this test. The baseline
data for the performance comparisons were taken from two previous AEFA evaluations
(refs 8 and 9). A Handling Qualities Rating Scale (fig. D-1) was used to augment pilot
comments about aircraft handling qualities. Flight test techniques and data reduction
methods are described in appendix D.




Table 1. Test Conditions'

Average
Average |Longitudinal] Average Trim
Gross Center of Density | Calibrated
Weight Gravity altitude Airspeed
Test (Iv) (FS) (ft) (knots) Remarks
14,040 Tethered and free-flight hover. IGE? and
Hover to 352.7 2760 0 OGE?. Referred rotor speed between
Performance 22,420 244.6 & 263.0 rpm*.
Referred rotor speed = 258.1 CT‘ from
0.006974 10 0.009013.
17,240 3850 38 KTAS® | Four Configurations: EFS? with two 230-
Level Flight to 347.5 to to gallon tanks; EFS with tanks removed;
Performance 18,970 9710 158 KTAS | EFS with tanks with cargo doors and
gunner windows open; EFS with tanks
with cargo doors and gunner windows open
and pilot/copilot doors removed.
Control
Positions 17,240 3850 35 Obtained in conjunction with level flight
in Trimmed 10 347.5 to to performance tests.
Level Flight 18,970 9710 146
79
Static and Level flight
Longitudinal 19,020 361.0 6250 137
Stability
78 IRP® climbs and autorotational descents
78
Static Lateral~ and Level flight
Directional 19,340 361.1 6060 135
Stability
79 IRP climbs and autorotational descents
Maneuvering 79
Stability 19,210 361.0 6220 and Left and right wurns
134
79
Dynamic and Level flight
Stability 19,160 360.6 6300 133
79 IRP climbs and autorotational descents
Simulated
Single~Engine 132 Level flight at VHB
Failure 18,770 360.6 6240
80 IRP climb
NOTES:

"Unless otherwise noted, testing was conducted in the EFS configuration with two 230-gallon tanks, at a main
rotor speed of 258 rpm, at a mid lateral center of gravity, with the Automatic Flight Control System ON, all

doors closed, the pitch blas actuator centered and electrically disconnected, the environmental control systems
and blecd air systems OFF, and in ball-centered flight.

2]GE: In ground effect (10-fool wheel height)

30GE: Out of ground effect.

“RPM: revolutions per minute.

SKTAS: Knots true airspeed.

o CT : Coefficient of thrust.

7EFS: External Fuel System.

®:IRP: Intermediate Rated Power.

* Vi : Maximum airspeed in level flight at intermediate rated power or 100 percent engine torque.




RESULTS AND DISCUSSION

GENERAL

8. Tests were conducted on the UH-60A to determine the effects of the External Fuel
System (EFS) installation on performance and handling qualities. The evaluation did not
reveal any problem that should preclude airworthiness qualification. The installation of
the EFS with two 230-gallon tanks caused an increase in power required to hover in
ground effect (10-foot wheel height) and out of ground effect of approximately 5 percent
and 6 percent, respectively. Four configurations were tested during the level flight
performance evaluation. The change in equivalent flat plate area (AF.) in the EFS
configuration with two 230-gallon tanks varied from 6.2 to 12.4 square feet when
compared to the UH-60A in the normal utility configuration. The drag of the UH-60A in
the EFS configuration with two 230-gallon tanks is significantly increased when the cargo
doors and gunner windows are open. Three shortcomings and two Prime Item
Development Specification (PIDS) noncompliances were identified during the handling
qualities evaluation of the UH-60A in the EFS configuration. Two of the shortcomings
have been noted during previous evaluations of the UH-60A in the normal utility
configuration. Handling qualities were not significantly different than those of the
UH-60A in the normal utility configuration.

PERFORMANCE
Hover Performance

9. Hover performance tests were conducted in the EFS two-tank configuration at the
conditions listed in table 1. The tethered-hover method was used to obtain the majority
of the data and the free-flight hover method was used for a limited amount. Both hover
performance methods are described in appendix D. The data from these tests are
presented in figures E-1 and E-2.

10. Hover performance was conducted in ground effect (IGE) at a wheel height of
10 feet and out of ground effect (OGE) at a wheel height of 100 feet. The IGE (10-foot
wheel height) and OGE hover capability of the UH-60A in the EFS two 230-gallon tank
configuration at standard-day, sea-level conditions was 23,019 pounds and
20,553 pounds, respectively. Test data were compared to data from two previous U.S.
Army Aviation Engineering Flight Activity (AEFA) evaluations of the UH-60A in the
normal utility configuration (refs 8 and 9, app A). The OGE hover data compare closely
with OGE data for the External Stores Support System (ESSS), two 230-gallon tank
configuration presented in reference 10. There is no ESSS hover data available for
comparison at the 10-foot wheel height. The installation of the EFS with two 230-gallon
tanks caused an increase in power required to hover IGE (10-foot wheel height) and
OGE of approximately 5 and 6 percent, respectively.

Level Flight Performance

11. Level flight performance tests were conducted to determine the power required and
fuel flow at various airspeeds, altitudes and gross weights for four EFS configurations. Test
conditions are listed in table 1. Data from AEFA Project No. 83-24 (ref 8) were used as




a baseline to determine the AF, caused by the installation of the EFS and additional
configuration changes. Level flight performance tests were conducted for four
configurations: the EFS with two 230-gallon tanks, the EFS with no tanks, the EFS with
two 230-gallon tanks with cargo doors and gunner windows open, and the EFS with two
230-gallon tanks with cargo doors and gunner windows open and pilot and copilot doors
removed. Test results are presented in figures E-3 through E-16.

12. Figure E-3 is a summary of the AF, for the different configurations as compared to
the normal utility configuration. In all configurations, AF, varied as a function of
airspeed. The increase in drag for the EFS configuration with two 230-gallon tanks varied
from approximately 6.2 to approximately 12.4 square feet when compared to the normal
utility configuration. Removal of the tanks caused a decrease in drag of 2.5 square feet
when compared to the EFS two-tank configuration. The cargo doors and windows open
caused an increase in drag of an additional 10.0 to 14.9 square feet when compared to
the EFS two-tank configuration. Removal of the pilot and copilot doors did not cause any
additional change. This additional drag (doors and windows open) caused the maximum
attainable airspeed in level flight (Vi) to decrease by approximately 9 knots true airspeed
(KTAS). At airspeeds greater than approximately 70 KTAS, inherent sideslip with the
EFS installed (with or without tanks) was approximately 2 degrees further left than the
inherent sideslip in the normal utility configuration (ref 8). At airspeeds greater than
70 KTAS, the inherent sideslip with the doors and windows open was essentially the same
as with the normal utility configuration. At airspeeds less than 70 KTAS, the inherent
sideslip in all configurations tested was up to 10 degrees further left.

HANDLING QUALITIES
Control Positions in Trimmed Level Flight

13. Flight control positions and pitch attitude data were obtained in conjunction with the
level flight performance tests and are presented in figures E-17 through E-20. The data
presented in these figures show the effects of thrust coefficient on control positions. The
trends of control position with airspeed were similar to those of the UH-60A helicopter in
the normal utility and ESSS four-tank configurations. The trends of control position with
airspeed were essentially unaffected by cargo door, gunner window, and pilot/copilot door
configuration. Adequate margins remained for all flight controls throughout the range of
airspeed tested. The control position characteristics in trimmed level flight are
satisfactory.

Static Longitudinal Stability

14. Static longitudinal stability was evaluated in the EFS, two 230-gallon tank
configuration at the conditions listed in table 1. The helicopter was stabilized in
ball-centered flight at the desired airspeed and flight conditions. The collective control
was fixed at the trim position, main rotor speed was maintained at 100 percent, and the
aircraft was stabilized at incremental airspeeds about trim. Test results are presented in
figures E-21 through E-23.




15. Static longitudinal stability, as indicated by the variation of longitudinal cyclic control
position with airspeed was positive (aft longitudinal control displacement at airspeeds less
than trim) in level flight at both airspeeds tested. Weak but adequate control force cues
were observed near the trim airspeeds. Static stability was less positive around the trim
airspeed of 137 knots calibrated airspeed (KCAS) as compared to the 79 KCAS airspeed
but remained positive. The maximum variation of lateral cyclic and directional controls
was approximately .75 inches and was not objectionable to the pilot. Static longitudinal
stability was positive aiL 79 KCAS in autorotational flight within 10 knots of the trim
airspeed and provided adequate control force cues. The static longitudinal stability of the
UH-60A in the EFS, two 230-gallon tank configuration in level and autorotational flight is
satisfactory.

16. In an intermediate rated power (IRP) climb, static stability was negative about the
trim airspeed of 77 knots. Maintaining airspeed =5 knots required moderate pilot
compensation (Handling Qualities Rating Scale (HQRS) 4) and was aggravated by small,
continuous pitch oscillations in climbing flight. Previous evaluations of the UH-60A in
various configurations have noted a neutral static stability in IRP climbs. The static
longitudinal stability of the UH-60A in the EFS, two 230-gallon tank configuration in IRP
climbs does not meet the requirements of paragraph 10.3.3.1.3 of the PIDS (ref 3) and
remains a shortcoming as noted in previous evaluations of the UH-60A.

Static Lateral-Directional Stability

17. Static lateral-directional stability characteristics were evaluated at the conditions
listed in table 1. Tests were conducted by trimming the helicopter in ball-centered flight
at the desired conditions. With the collective fixed, the helicopter was then stabilized in
nonturning flight at incremental sideslip angles up to approximately the limit sideslip on
both sides of trim while maintaining the trim airspeed. At the 135 KCAS test condition
(slightly below Vj), either engine temperature or transmission torque limits were reached
prior to the sideslip limits. Test results are presented in figures E-24 through E-27.

18. Static directional stability, as indicated by the variation of directional control position
with sideslip, was positive (increasing left directional control with increasing right sideslip)
at all test conditions. The directional control variation with sideslip was essentially linear
in level flight, climbs and autorotations and was similar to that reported for the UH-60A
helicopter in the normal utility configuration. In climbing and autorotational flight, the
directional control variation with sideslip was less than in level flight but was adequate.
The static directional stability characteristics of the UH-60A helicopter with EFS are
satisfactory.

19. Effective dihedral, as indicated by the variation of lateral control position with
sideslip, was positive (increasing right cyclic control with increasing right sideslip) and
essentially linear for all test conditions. In level flight, the effective dihedral was less than
previous resuits in the normal utility configuration. In climbing and autorotational flight,
effective dihedral was similar to that in level flight. The effective dihedral characteristics
of the UH-60A helicopter with EFS are satisfactory.

20. Sideforce characteristics, as indicated by the variation in bank angle with sideslip,
were weak but positive (increasing right bank angle with increasing right sideslip) at




78 KCAS in leve! flight. At 135 KCAS in level flight, sideforce cues were characterized
as strong for sideslips greater than S degrees in either direction. At approximately
79 KCAS in IRP climbs and autorotational descents, sideforce cues were positive and
were similar to the cues in level flight at 78 KCAS. In level, climbing and autorotational
flight, sideforce cues were similar to those in the normal utility configuration. The
sideforce cues, though weak at low airspeeds, are satisfactory.

21. A strong pitch-due-to-sideslip coupling was evident at the 78 KCAS, level flight
trim condition. The longitudinal cyclic position versus sideslip trend was essentially linear
up to 10 degrees of sideslip with increasing aft longitudinal cyclic control with increasing
left sideslip and increasing forward cyclic with increasing right sideslip. The trend reversed
near the sideslip limit. The pitch-due-to-sideslip coupling was much weaker at
135 KCAS. The trend again reversed near the sideslip limit. The strong
pitch-due-to-sideslip coupling remains unchanged from that of the normal utility
configuration.

Maneuvering Stability

22. Maneuvering stability was evaluated in the EFS, two 230-gallon tank configuration at
the conditions listed in table 1. The aircraft was stabilized in ball-centered, level flight at
the desired airspeed and load factor was incrementally increased by increasing angle of
bank in both left and right turns. Collective control was maintained at the trim position
for leve! flight and the pilot attempted to maintain a constant airspeed. Test results are
presented in figure E-28.

23. The stick-fixed maneuvering stability (as indicated by the variation of longitudinal
control position with load factor) of the UH-60A in the EFS configuration was positive at
79 KCAS and similar to the UH-60A in the normal utility configuration. At an airspeed
of 134 KCAS, the maneuvering stability was negative above a load factor of 1.1. The
aircraft exhibited a “dig in” characteristic at bank angles greater than 45 degrees. The
negative maneuvering stability of the UH-60A configured with the EFS at load factors
above 1.1 at 134 KCAS is similar to that previously reported and remains a shortcoming.
The maneuvering stability of the UH-60A configured with the EFS and two 230-gallon
tanks failed to meet the requirements of paragraph 10.3.3.1.4 of the PIDS.

Dynamic Stability

24. The short-term and long-term dynamic stability characteristics of the UH-60A were
evaluated in the EFS, two 230-gallon tank configuration at the conditions listed in
table 1. Dynamic stability tests were canducted in level flight, climbs, and autorotational
descents. The Automatic Flight Control System (AFCS) was ON for all tests. The
short-term response was excited by making pulse inputs in the longitudinal, lateral, and
directional axes. The pulse inputs were approximately one inch of control movement and
were held for approximately 0.5 second. Lateral-directional stability characteristics were
evaluated using control releases from out-of-trim sideslip conditions. The longitudinal
long-term response was evaluated by displacing the aircraft from trim by approximately
15 knots indicated airspeed (KIAS) and returning the controls to the trim position.
Representative time-history data for dynamic stability tests are shown in figures E-29
through E-50.




25. The short-term response of the UH-60A in the EFS configuration with the AFCS
ON was heavily damped. The pilot was able to correct for aircraft attitude disturbances in
all flight conditions tested with minimal control inputs. The short-term response of the
UH-60A in the EFS configuration was essentially the same as that of the UH-60A in the
normal utility configuration and is satisfactory.

26. The lateral-dire~tional oscillatory response resulting from control releases at
out-of-trim sideslip conditions was convergent with the exception of releases from left
sidestn in autorotational flight. Releases from out-of-trim sideslip conditions were
generally characterized by a convergent oscillation to near trim sideslip with 2 or
3 overshoots of trim. The release from a 19 degree left sideslip (pedals free) in
autorotational descent was characterized by a divergent lateral-directional oscillation
(LDO) (fig. E-47). After release from the left sideslip, the pedals, driven by the Flight
Path Stabilization System, overcorrected driving the LDO divergent. The LDO period was
long enough (9 seconds) to allow the pilot adequate time to override the pedal inputs and
recover. During instrument meteorological conditions with moderate turbulence, the pilot
will be required to override the pedal overcorrecting characteristics thus aggravating a
high-workload situation. The divergent LDO during autorotational descents of the
UH-60A configured with EFS and two 230-gallon tanks is a shortcoming.

27. The long-term response was heavily damped in level flight with the AFCS ON. The
aircraft was displaced from trim by approximately 15 KIAS and the controls were
returned to trim positions. The aircraft returned to the trim airspeed (within 31 knot)
with two or less overshoots. The long-term response characteristics of the UH-60A in the
EFS configuration with two 230-gallon tanks, with the AFCS ON were essentially the
same as the characteristics of the UH-60A in the normal utility configuration and are
satisfactory.

Simulated Single~Engine Failure

28. Aircraft response to simulated single-engine failures was evaluated in level flight at
VH and in an IRP climb at 80 KCAS. Sudden single-engine failure during dual-engine
flight was simulated by rapidly retarding the Number 1 engine control lever to the IDLE
stop. Representative time history data are presented in figures E-51 and E-52.

29. Response to simulated engine failure in level flight at 132 KCAS was a left yaw of
approximately 4 degrees and a slight left roll. The cockpit indications of single-engine
failure included illumination of the ENG OUT master caution light, a reduction of power
turbine speed and engine torque, and activation of the aural warning tone when main
rotor speed drooped below 95 percent. A rapid reduction of the collective control was
necessary to prevent the main rotor speed from drooping below the 91 percent transient
limit. The response to simulated engine failure in an IRP climb at 80 KCAS was a
3 degree left yaw and 3 degree left roll. Main rotor speed decayed rapidly and a large
reduction of collective control was necessary to prevent exceeding the transient rotor
speed limit. The response to simulated single-engine failure was similar to the UH-60A in
the normal utility configuration and is satisfactory.




Flying Characteristics with Doors and Windows Open

30. Level flight performance tests included flights with the cargo doors and gunner
windows open and with the pilot and copilot doors removed. No specific handling
qualities tests were conducted in these configurations but the flying characteristics and the
effects of the cockpit/cabin wind were qualitatively evaluated during the level flight
performance tests. There were no significant handling qualities differences noted when
flying in these configurations. The ship’s system pitot-static position error was changed by
up to 4 knots at airspeeds greater than 70 KIAS when flying with the pilot and copilot
doors removed (para 36).

31. The effect of the wind in the cockpit and cabin was evaluated during the testing with
doors and windows open. The wind turbulence was noticeable but not objectionable at
the conditions flown and required loose objects to be secured. The highest level of wind
turbulence in the cockpit and cabin was at airspeeds below approximately 50 KIAS in
climbing flight. Wind turbulence in trimmed level flight generally increased with airspeed
but did not become objectionable. Cargo door vibration was observed to increase with
airspeed and did present a minor problem. On two occasions, while in trimmed level flight
at approximately 100 KIAS, the left side cargo door became unlocked and began to slide
forward. The flying characteristics of the UH-60A in the EFS two 230-gallon tank
configuration with the cargo doors and gunner windows open and with the pilot/copilot
doors installed or removed were satisfactory.

VIBRATION

32. The vibration characteristics of the UH-60A were evaluated in the EFS, two
230-gallon tank configuration at the conditions listed in table 1. Vibration data were
measured at the pilot station, in the rear of the aircraft cabin, near the left and right tips
of the stabilator and at the stabilator actuator attaching point. Vibration data are
presented in figures E-53 through E-70. Cockpit/cabin vibration parameters are shown at
harmonic frequencies of the main rotor and stabilator vibration parameters are shown at
harmonic frequencies of the tail rotor.

33. Cockpit/cabin vibrations were evaluated in level flight at two gross weights and in
turning flight at two airspeeds. In level flight, vibration characteristics in the cockpit and
cabin were similar at both gross weights shown. The highest vibrations were typically at the
main-rotor 4/revolution (4/rev) frequency in the vertical axis. In turning flight,
cockpit/cabin vibrations generally increased with load factor and airspeed. The 4/rev
vibration characteristics in the cockpit and cabin, in level flight and turning flight were
s.milar to those reported for the UH-60A in normal utility configuration.

34. Stuabilator vibrations were evaluated at the same conditions as cockpit/cabin
vibrations and were typically highest at the tail-rotor 4/rev frequency in the vertical axis.
In level flight, vibration characteristics generally increased with airspeed and were of
similar magnitude at both gross weights shown. In turning flight, stabilator vibrations in
the vertical axis increased with load factor and airspeed. Vibrations in the lateral and
longitudinal axes were generally not affected by load factor but did increase slightly with




airspeed. The accelerations at the tips of the stabilator were higher than at the actuator
attaching point with the right tip generally being highest. The highest acceleration
measured on the stabilator was 4.3 g at the tail-rotor 4/rev frequency in the vertical axis.
This occurred at the right tip in level flight at approximately 58 KCAS.

PITOT-STATIC SYSTEM CALIBRATION

35. The standard ship’s pitot-static system (current production design) was calibrated in
level flight in the EFS configuration with two 230-gallon tanks. No tests were conducted to
evaluate the effects of climbing and descending flight on the position error of the system.
The position error was determined for a limited range of airspeed at one gross
weight/center of gravity condition using the trailing bomb method. The position error of
the ship’s system is shown in figure E-71. In level flight, position error varied from
-8 knots at 30 KIAS to -3 knots at 112 KIAS. This error does not differ significantly
from the error in the normal utility configuration (ref 8) below 80 KIAS but was up to
4 knots different at airspeeds above 80 KIAS.

36. The test boom airspeed system was used as a reference to determine the effects of
the various configurations on the ship’s system position error. The comparison was made
using data from the level flight performance tests and the results are presented in
figure E-72. The position error of the UH-60A in the EFS, two 230-gallon tank
configuration was not affected by removal of the two tanks and was not affected when the
cargo doors and gunner windows were open. There was a change in position error when
the aircraft was configured with two 230-gallon tanks, the cargo doors and gunner
windows open and the pilot and copilot doors were removed. The change was less than
2 knots at airspeeds below 70 KIAS and increased to approximately 4 knots at higher
airspeeds. This change in airspeed position error should be included in the operator's
manual.
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CONCLUSIONS

GENERAL

37. The Preliminary Airworthiness Evaluation of the UH-60A in the External Fuel
System (EFS) configuration did not reveal any problem that should preclude
airworthiness qualification. Three shortcomings were identified during the handling
qualities evaluation of the UH-60A in the EFS configuration, two of which have been
noted during previous evaluations of the UH-60A in the normal utility configuration.

38. The following conclusions were reached about the UH-60A configured with the EFS.

a. The installation of the EFS with two 230-gallon tanks caused an increase in power
required to hover in ground effect (10-foot wheel height) and out of ground effect of
approximately 5 percent and 6 percent, respectively (para 10).

b. The change in equivalent flat plate area (AF,) caused by the installation of the
EFS with two 230-galion tanks varied from 6.2 to 12.4 square feet (para 12).

¢. The AF, of the UH-60A in the EFS configuration with two 230-gallon tanks is
significantly increased (10.0 to 14.9 square feet) when the cargo doors and gunner
windows are open (para 12).

SHORTCOMINGS

39. The following shortcoming was identified during the evaluation of the UH-60A in the
EFS configuration: The divergent lateral-directional oscillation during autorotational
descents (para 26).

40. The following shortcomings were identified during previous evaluations of the
UH-60A in the normal utility configuration and remain shortcomings. Shortcomings are
listed in order of decreasing importance.

a. The negative static longitudinal stability in climbs at intermediate rated power
(IRP) at 79 knots calibrated airspeed (KCAS) (para 16).

b. The negative maneuvering stability above a load factor of 1.1 at 134 KCAS
(para 23).

SPECIFICATION COMPLIANCE

41. The UH-60A in the EFS configuration with two 230-gallon tanks failed to meet the
following requirements of the Prime Item Development Specification.

a. Paragraph 10.3.3.1.3 - The longitudinal static stability is not positive at 77 KCAS
in IRP climbs (para 16).

b. Paragraph 10.3.3.1.4 -~ The maneuvering stability is not positive at 134 KCAS
(para 23).

11




RECOMMENDATIONS

42. The shortcoming reported in paragraph 39 should be corrected (para 26).

43. The shortcomings reported in paragraphs 40 should be avoided in future helicopter
design efforts (paras 16 and 23).

44. The change in airspeed position error reported in paragraph 36 should be included
in the operator's manual.

12
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APPENDIX B. DESCRIPTION

1. The UH-60A Black Hawk helicopter is a twin~turbine, single main rotor helicopter
capable of transporting cargo, 11 combat troops and weapons during day, night, visual
meteorological conditions and instrument meteorological conditions. The Black Hawk has
conventional wheel-type landing gear. The main and tail rotors each have four blades.
The main rotor blades and the tail pylon can be folded manually to facilitate air
transportability. A movable horizontal stabilator is located on the lower portion of the tail
pylon. The helicopter is powered by two T700-GE-700 turboshaft engines each having an
uninstalled thermodynamic rating of 1584 shaft horsepower (shp) at sea level, standard
day static conditions (30-minute limit, power turbine speed of 20,900 revolutions per
minute. Installed dual~engine power is limited by the 2828 shp continuous rating of the
main transmission.

2. The test aircraft, UH-60A U.S. Army Serial Number 82-23748 was manufactured by
Sikorsky Aircraft (SA) (Division of United Technologies) and is a sixth~year production
version. The pitch bias actuator was centered and electrically disconnected for all tests.
The differences between the test aircraft and a standard UH-60A include the installation
of an instrumentation system (app C) and the External Fuel System (EFS). The EFS
fuel-transfer system was not installed on the test aircraft. The test aircraft with the EFS
and two 230-gallon tanks installed is shown in figures B-1 and B-2.

3. The EFS (figs. B-3 through B-6) was manufactured by SA and is designed to carry
two 230-gallon fuel tanks. It consisted of a horizontal stores support on each side of the
aircraft that attaches to the fixed~provision attachment points, struts that support the
horizontal stores support and attach to the lower fixed-provision attachment points, and
vertical stores pylons that attach to the horizontal stores support.

4. The airframe fixed provisions include fuselage attachment structure, fuel transfer
system plumbing and electrical system hardware. Attachment fittings are located on main
fuselage frame members at fuselage stations 295 and 308. Fuel and bleed-air lines and
electrical system wires are routed to near the attachment fittings and are capped when not
used. Attachment and interface fittings are covered by fairings when not used. The EFS
fairings use attaching points common with those of fixed-provision fairings.

5. The horizontal stores support consists of a 3-spar, graphite/epoxy torque box with
aluminum fittings for attachment to the aircraft fixed provisions, support struts and
vertical stores pylon. Removable leading and trailing edge fairings house the electrical
harness and fuel iransfer system lines. One fixed-length strut and one adjustable-length
strut are used to support each horizontal stores support. The support struts are
graphite/epoxy tubes with trailing-edge fairings and attachment fittings on each end. The
fixed-length strut has aluminum fittings on both ends and the adjustable strut has an
aluminum fitting and an adjustable stainless steel fitting. The vertical stores supports are
compatible with either BRU-22A or MAU-40/A ejector racks. The BRU-22A racks were
used during this test and were mounted at a 4 degree nose~up angle with reference to the
water line. The two 230-gallon fuel tanks used during this test were manufactured by
Fiber Technology Corporation of Springville, Utah. The tanks are constructed of
fiberglass and weighed approximately 144 pounds each. The tanks were 15 feet,
6.5 inches long and 24.4 inches in diameter at the widest point.
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Figure B-6. Left Side, EFS Support Struts
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APPENDIX C. INSTRUMENTATION

GENERAL

1. In addition to, or instead of standard aircraft instruments, sensitive calibrated
instrumentation was installed in the test aircraft. The airborne data acquisition system was
operated and maintained by the U.S. Army Aviation Engineering Flight Activity. The
data acquisition system utilized pulse code modulation (PCM) encoding. Data was
recorded by an on-board magnetic tape recording system. Equipment required only for
specific tests is discussed in the section on special equipment.

2. A boom extending forward from the nose of the aircraft was installed. The boom
incorporated angle-of-attack and angle-of-sideslip sensors, and a swiveling pitot~static
tube. The tip of the swiveling pitot-static tube was 67 inches forward of the nose of the
aircraft (fuselage station 97, buttline 25.7) and 7 inches below the forward avionics bay
floor (waterline 208).

3. Data was obtained from instrumentation and displayed or recorded as indicated
below:

Pilot Panel

Airspeed (boom system)
Altitude (boom system)
Airspeed*
Altitude*
Altitude (radar) *
Rate of climb*®
Engine torque*® **
Turbine gas temperature (T4.5)* **
Engine gas generator speed® **
Control positions
Longitudinal
Lateral
Directional
Collective
Stabilator position*
Angle of sideslip
Center of gravity (cg) normal acceleration
CG lateral acceleration
Tether cable angles
Longitudinal
Lateral
Tether cable tension

*Ship system
**Both engines

21




Copilot Panel

Airspeed*

Altitude*

Altitude (radar)®
Rate of climb*®
Rotor speed*®
Engine torque® **
Stabilator position*®
Total air temperature®
Fuel remaining*
Ballast cart position
Event switch

Engineer Panel

Pressure altitude (boom system)
Engine fuel used**

Auxiliary power unit (APU) fuel used
Total air temperature

Rotor speed

Time code display

Run number

Event switch

Instrumentation controls

Digital (PCM) Parameters

Airspeed (boom system)

Altitude (boom system)

Airspeed (ship system)

Altitude (ship system)

Altitude (radar)

Total air temperature

Rotor speed

Engine torque**

Engine fuel flow**

Engine gas generator speed®*
Engine power turbine speed®*
Engine measured gas temperature*®®
Engine fuel used**

Engine fuel temperature (at fuel used transducer)**
APU fuel used

Tail rotor drive shaft torque
Stabilator position

Ballast cart position

*Ship system
**Both engines
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Tether cable angles
Longitudinal
Lateral
Tether cable tension
Control positions
Longitudinal
Lateral
Directional
Collective
Stability Augmentation System output positions
Longitudinal
Lateral
Directional
Control mixer input positions
Longitudinal
Lateral
Directional
Primary servo positions
Lateral
Forward
Aft
Angle of attack
Angle of sideslip
Aircraft attitudes
Pitch
Roll
Heading
Aircraft angular rates
Pitch
Roll
Yaw
Linear accelerations
CG normal
CG lateral
CG longitudinal
Vibrations
Pilot station (three-axis)
CG (three-axis)
Horizontal stabilator
Fuselage attachment
Lateral
Vertical
Tip (left and right)
Vertical
Longitudinal
Time of day
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Run number
Pilot event
Engineer event

AIRSPEED CALIBRATION

4. The boom and ship airspeed systems were calibrated in level flight using the
trailing-bomb method. Data obtained during this evaluation were used to verify and
supplement data from previous evaluations (ref 7, app A) conducted with the same
aircraft and boom installation. The position error of the boom pitot-static system is
presented in figure C-1. Appendix D contains a description of the method used to correct
pitot-static measurements for the effects of thrust coefficient and position error.

SPECIAL EQUIPMENT
Weather Station

5. A portable weather station was used during the hover tests. The weather station
equipment included an anemometer to measure wind speed and direction at selected
heights up to 50 feet above ground level. A temperature gage and barometer were used 10
measure ambient temperature and atmospheric pressure.

Load Cell

6. A calibrated load cell was incorporated with the ship’s cargo hook to measure cable
tension and accelerometers were used to measure longitudinal and lateral cable angles for
the tethered hover tests. Indicators were installed in the cockpit to display cable tension
and cable angles measured with reference to the ground.
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T0 BE ADDED
(KNOTS)

CORRECT ION

CALIBRATED AIRSPEED (KNOTS)

- FIGURE C-1
BOOM SYSTEM AIRSPEED CALIBRATION
UH-60A USA S/N 82-23748

AVG AVG AVG AVG AVG TRIM
GROSS C.G. LOCATION DENSITY OUTSIDE ROTOR FLIGHT
WEIGHT LONG LAY ALTITUDE AIR TEMP. SPEED CONDITION
(1B) (Fs) (BL) (FT) (DEG C) (RPM)

17580 349.2 0.0 7520 11.0 256 LEVEL

NOTES: 1. TRAILING BOMB METHOD
2. AIRCRAFT CONFIGURATION: EXTERNAL FUEL SYSTEM,
TWO 230-GALLON TANKS
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APPENDIX D. TEST TECHNIQUES AND DATA ANALYSIS METHODS

AIRCRAFT RIGGING CHECK

1. A flight controls rigging check was conducted on the main and tail rotors to insure
compliance with established limits. The stabilator control system was checked and found
to conform to the modified production stabilator angle schedule.

AIRCRAFT WEIGHT AND BALANCE

2. The aircraft was weighed with the instrumentation installed with all fuel drained and
with full oil prior to the start of testing. The aircraft was weighed in the External Fuel
System (EFS) configuration with no tanks and the two 230-gallon tanks were weighed
separately. The total empty weight of the test aircraft in the EFS, two 230-gallon tank
configuration was calculated to be 12,838 pounds with the longitudinal center of gravity
(cg) at fuselage station (FS) 355.1 and a mid lateral ¢g. The weights and cg's of the cargo
and pilot/copilot doors and the gunner’s windows were obtained from the weight and
balance records. Fuel-level manometers calibrated during a previous test were used to
determine fuel quantity before and after each test flight. A movable ballast system was
used to maintain cg as fuel was consumed. The movable ballast system consisted of a cart
(2000 pound capacity) that traveled on rails attached to the cabin floor, an electric screw
jack that moved the cart through a range of 72.3 inches and a control system with a
ballast cart position indicator.

PITOT-STATIC SYSTEM CALIBRATION

3. The test boom pitot-static system installed for this test was used to obtain airspeed,
altitude, angle-of-sideslip and angle~of-attack data. A description of the test boom is
contained in appendix C. Previous evaluations using this aircraft and boom installation
have shown that the boom position error varies as a function of thrust coefficient (Cr).
Airspeed calibration data from this evaluation were used to verify and supplement data
obtained during previous evaluations (ref 7, app A). This comprehensive set of data was
used during this evaluation to determine the boom-system position error. Position error

was determined using a linear interpolation with four CTs ranging from 0.0057 to 0.0090.

PERFORMANCE

General

4. Helicopter performance was generalized through the use of non-dimensional
coeflicients as follows using the 1976 U.S. Standard Atmosphere:

a. Coefficient of power (CpP):

_(350) (1)

=SHP
Cp=SHP LA @R’
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b. Coefficient of thrust (Cr):

GW + CABLE TENSION Q)
Cr=
eA(QR)?
2. Advance ratio (p):

_r (1.68781) 3)
u= QR (
Where:

SHP = Engine output shaft horsepower (total for both engines)

0 = Ambient air density (Ib-sec?/ft4) =g, [%]

Qo = 0.002376892 (lb-sec?/ft4)

. P
o = Pressure ratio = —<%

o

Pa = Ambient air pressure (in.-Hg)
Po = 29.92125 in.-Hg
OAT +273.15

288.15
OAT = Ambient air temperature (degrees Celsius)
A = Main rotor disc area = 2262 f12
Q) = Main rotor angular velocity (radians/sec)
R = Main rotor radius (ft) = 26.833 ft
GW = Gross weight (Ib)

8§ = Temperature ratio =

VE

Vr= True airspeed (kt) =
P 1.68781 /00

1.68781 = Conversion factor (ft/sec-kt)
Vg = Equivalent airspeed (ft/sec) =

7(70.7262 Pg) Qi,, | 2/7 1 1/2
Qo Py

70.7262 = Conversion factor (Ib/ft2-in.-Hg)
Q¢ = Dynamic pressure (in.-Hg)

At the normal operating rotor speed of 257.9 revolutions per minute (rpm)
(100 percent), the following constants may be used to calculate Cp and Cr:

QR = 724.685
(RQR)* = 525, 168.15
(QR)* = 380, 581,411.4
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5. The engine output shaft torque was determined by use of the engine torque sensor.
The power turbine shaft contains a torque sensor tube that measures the total twist of the
shaft. A concentric reference shaft is secured by a pin at the front end of the power
turbine drive shaft and is free to rotate relative to the power turbine drive shaft at the rear
end. The relative rotation is due to transmitted torque, and the resulting phase angle
between the reference teeth on the two shafts is picked up by the torque sensor. The
torque sensors for both engines were calibrated in a test cell by the engine manufacturer.
The output from the engine torque sensors were recorded on the onboard data recording
system. The output shp was determined from the engine’s output shaft torque and
rotational speed by the following equation.

Q (Np)

= —t 4
SHPt = 535113 “
Where:

Q = Engine output shaft torque (ft-1b)

Np = Engine output shaft rotational speed (rpm)
5252.113 = Conversion factor (ft-lb-rev/min-shp)

The output shp required was assumed to include 13 horsepower for daylight operations of
the aircraft electrical system, but was corrected for the effects of test instrumentation
electrical load. A power loss of 1.82 horsepower was determined for electrical operation
of the instrumentation. Reductions in power required were made for the effect of external
instrumentation drag. This was determined by the following equation.

F vp)?
SHP instr drag = : (99/69205)4( T) (S)

Where:

Fe= 0.833 fi2 (estimated)
96254 = Conversion factor (ft2-kt3/SHP)

The nominal fuel temperature of 50 degrees Celsius was used in the determination of
engine fuel consumption and was based on actual measurements.

Hover Performance

6. Hover performance was obtained by the tethered hover technique. Limited free-flight
hover data were obtained to verify the tethered hover data. All hover tests were
conducted in winds of less than 3 knots. Tethered hover consists of restraining the
helicopter to the ground by a cable in series with a load cell. An increase in cable tension,
measured by the load cell, is equivalent to an increase in gross weight. Free~flight hover
tests consisted of stabilizing the helicopter at a desired height using the radar altimeter as
a height reference. All hovering data were reduced to nondimensional parameters of Cp
and Cr using equations ! and 2, and grouped according to wheel height. The hover
capability at standard-day, sea-level conditions was determined by using equations 1 and
2, the main transmission limit power of 2828 shp and the fairings presented with the data.
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Level Flight Performance
General:

7. Each speed power was flown in ball-centered flight by reference to a high-resolution
lateral accelerometer at a predetermined Cr and a referred rotor speed (Ng/ v/é) of
approximately 258 rpm. To maintain the ratio of gross weight to pressure ratio constant,
altitude was increased as fuel was consumed. To maintain Ng/ /o constant, rotor speed
was decreased as temperature decreased. Power corrections for rate-of-climb and
acceleration were determined (when applicable) by the following equations:

__(R/CTL)(GW) 6
SHPrje = 33,000(Kp) ©
[Av
SHP gecer = - 1.6098 x 1074 (_AT)(VT) (GwW) (7
Where:

AHp\( OAT+273.15
R/CtL = Tapeli f cli ft/min) =
/CrL = Tapeline rate of climb (ft/min) ( v )(0AT,+273.15)

éf—‘ﬂ = Change in pressure altitude per unit time (ft/min)

OAT; = Standard ambient temperature at mean pressure altitude

where =2 yas measured (degrees Celsius)

Kp=0.76
1.6098 x 10™* = Conversion factor (shp-sec/kt2~Ib)

9—! = Change in airspeed per unit time (kt/sec)

At
Power required for level flight at the test conditions was corrected using the following
equation:

SHPcory =SHP; +SHPpic +SHPgccet = SHPingyy drag ~ 1.82 (8)

8. Level flight data were normalized to average test day conditions by the following
equations:

Ngr 3
(davg v Oavp) [75‘]
avg

/8 [%]3

t

SHP" = SHP(.‘O” (9)
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(10)

Where:

NR = Main rotor speed (rpm)

subscript t = Individual test point
subscript avg = Average for all test points
subscript n = normalized

9. Level flight performance was determined by using equations 1 through 3, rewritten in
the following form:

SHP(478935.3)
3 (11)
6/5[NR] 0,AR?

Cp=
Vo

GW(91.19)
2 12
T4 oo -

u= Vr(16.12) (13)

Nr
RO e

Cr=

Where:

478935.3 = Conversion factor (ft-lb-sec2~rev3/min3-shp)
91.19 = Conversion factor (sec?-rev2/min?)
16.12 = Conversion factor (ft-rev/min-kt)

10. Data analysis was accomplished by comparing Cp versus p with the baseline data

(ref 8) at the average Ct and Ng/ /8 for each tesi. The difference in Cp between each
individual point and the baseline data was converted to AF, using a form of equation §
and a curve was faired through these data for each configuration. The resulting curves
represent a summary of change in drag between the baseline and the various
configurations tested.

11. The specific range (SR) data were derived from the test level flight power required

and fuel flow (WF,). Selected level flight performance shp and fuel flow data for each
engine were referred as follows:

SHP corr

StPREF = 3555 (14)
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Wr (15)
Wrrer = 50,07

A curve fit was subsequently applied to this referred data and was used as the basis to
normalize WF, to average test day fuel flow using the following equation:

Wr, =WF, + AWF (16)
Where:

AWFr = Change in fuel flow between SHPcorr and SHP,
The following equation was used for determination of SR:

= VT"

SR
e, (17)

HANDLING QUALITIES

12. Handling qualities of the UH-60A EFS were evaluated using conventional test
techniques as described in the Naval Air Test Center Flight Test Manual, FTM No. 105
(ref 11). A Handling Qualities Rating Scale (fig. D-1) was used to augment pilot
comments about aircraft handling qualities.

VIBRATION

13. Vibration data were analyzed using a CPSI MAP 200 array processor. The analyzer
converted the data from the time domain (acceleration as a function of time) to the
frequency domain (acceleration as a function of frequency). The data were analyzed
using a frequency range from zero to 100 Hertz (Hz) and frequency resolution of 0.3 Hz.
In order to minimize random variation in acceleration amplitude, the data were averaged
over a 15-second time interval using ensemble averaging.

DEFINITION

Shortcoming

14. An imperfection or malfunction occurring during the life cycle of equipment which
must be reported and which should be corrected to increase efliciency and to render the
equipment completely serviceable. It will not cause an immediate breakdown, jeopardize
safe operation, or materially reduce the usability of the materiel or end product.
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APPENDIX E. TEST DATA

INDEX
FIGURE FIGURE NUMBER
Hover Performance E-1 and E-2
Level Flight Performance E-3 through E-16
Control Positions in Trimmed Forward Flight E-17 through E-20
Collective-Fixed Static Longitudinal Stability E-21 through E-23
Static Lateral-Directional Stability E-24 through E-27
Maneuvering Stability E-28
Dynamic Stability E-29 through E-50
Simulated Single-Engine Failure E-51 through E-52
Vibration Characteristics E-53 through E-70
Ship System Airspeed Calibration E-71 and E-72
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FIGURE E-1
NONDIMENSIONAL HOVER PERFORMANCE
UH-60A USA S/N 82-23748

WHEEL HEIGHT = 10 FT

SYMBOL AVG AVG AVG
DENSITY OUTSIDE ROTOR
ALTITUDE  AIR TEMP. SPEED
(FEET) (DEG C) (RPM)
o] 2720 15.5 245
o 2680 15.0 259
A 2690 15.0 263
NOTES: 1. TEST CONDUCTED WITH THE AIRCRAFT TETHERED TO THE GROUND
2. WHEEL HEIGHT MEASURED FROM BOTTOM OF LEFT MAIN WHEEL
3. VERTICAL DISTANCE FROM BOTTOM OF MAIN WHEELS TO CENTER
OF MAIN ROTOR HUB = 12 FT
4. WINDS LESS THAN THREE KNOTS
5. DASHED LINE DENOTES FAIRING FROM AEFA PROJECT REPORT
NO. 86-12 (NORMAL UTILITY CONFIGURATION)
6. SHADED SYMBOL DENOTES FREE FLIGHT HOVER TECHNIQUE
7. AIRCRAFT CONFIGURATION: EXTERNAL FUEL SYSTEM,
TWO 230-GALLON TANKS
1m TIAT 11 3
2:Cp = Ag + ACT + A2c12
FEAg = 8.0647 X 10-5
w 90 A1 = 0.03732857
= A2 = 5.645201
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COEFFICIENT OF PONER (Cp) X10%

FIGURE E-2
NOND IMENSiONAL HOVER PERFORMANCE
UH-60A USA S/N 82-23748

WHEEL HEIGHT = 100 FT

SYMBOL AVG AVG AVG
DENSITY OUTSIDE ROTOR
ALTITUDE  AIR TEWP. SPEED
(FEET) (DEG C) (RPW)
o 2870 16.0 245
o 2990 17.0 260
A 2840 15.5 263
NOTES: 1. TEST CONDUCTED WITH THE AIRCRAFT TETHERED TO THE GROUND
2. WHEEL HEIGHT MEASURED FROM BOTTOM OF LEFT MAIN WHEEL
3. VERTICAL DISTANCE FROM BOTTOM OF MAIN WHEELS TO CENTER
OF MAIN ROTOR HUB = 12 FT
4. WINDS LESS THAN THREE KNOTS
5. DASHED LINE DENOTES FAIRING FROM AEFA PROJECT REPORT
NO. 83-24 (NORMAL UTILITY CONFiGURATION)
6. SHADED SYMBOL DENOTES FREE FLIGHT HOVER TECHNIQUE
7. AIRCRAFT CONFIGURATION: EXTERNAL FUEL SYSTEM,
TWO 230-GALLON TANKS
100
£Cp = Ap + A1CT + A2CT2
A = 8.0647 X 10-5
90 A7 = 0.04742648 <
A2 = 6.308775
80
5;4 T H
70 s i
1 H] ‘.. “ i
f Kﬁﬁ“ i
60
D
50
40 :
30 40 50 60 70 80 90

COEFFICIENT OF THRUST (CT) X10*

100




CHANGE IN EQUIVALENT FLAT PLATE AREA (FT2)

FIGURE E-3
SUMMARY OF DRAG CHANGE FOR THE EXTERNAL FUEL SYSTEM
UH-60A USA S/N 82-23748

NOTES: 1. BALL CENTERED TRIM CONDITION
2. AVERAGE LONGITUDINAL C.G.
LOCATION AT FS 347.5
3. MID LATERAL C.G.
4 BASELINE DATA FROM AEFA PROJECT 83-24,
FIGURES E-23 THRU E-25
5. FAIRINGS DERIVED FROM FIGURES E-7 THRU E-16
28
r-tJ
24 a3s av oua 3 - s
20 EXTERNAL FUEL SYSTEM, r
T TWO 230-GALLON TANKS. i
CARGO DOORS OPEN, GUNNER 2
¥INDOWS OPEN, PILOT/COP!ILOT
DOORS INSTALLED OR REMOVED 3
o T
12 g
g i
[
8 EXTERNAL FUEL SYSTEM, o
- TWO 230-GALLON 1ANKS
>
4 PR EXTERNAL FUEL SYSTEM,
NO TANKS
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POWER COEFFICIENT X 10°
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FIGURE E~4

NONDIMENSIONAL LEVEL FLIGHT PERFORMANCE

om -Fbl"o

UH-60A USA S/N 82-23748

. AIRCRAFT CONFIGURATION: EXTERNAL

FUEL SYSTEM, TWO 230-GALLON TANKS
REFERRED ROTOR SPEED = 258.1 RPM
BALL CENTERED TRIM CONDITION
AVERAGE LONGITUDINAL C.G.
LOCATION AT FS 347.5

. MID LATERAL C.G.
. POINTS DERIVED FROM FIGURES E-7 THRU E-9
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THRUST COEFFICIENT X 10*

92




—

FIGURE E-5
NONDIMENSIONAL LEVEL FLIGHT PERFORMANCE
UH-60A USA S/N 82-23748

NOTES: 1. AIRCRAFT CONFIGURATION: EXTERNAL
FUEL SYSTEM, TWO 230-GALLON TANKS

2. REFERRED ROTOR SPEED = 258.1 RPM
3. BALL CENTERED TRIM CONDITION
4 AVERAGE LONGITUDINAL C.G.
LOCATION AT FS 347.5
5. MID LATERAL C.G,
© 6. POINTS DERIVED FROM FIGURES E-7 THRU E-9
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FIGURE E-6
NONDIMENSIONAL LEVEL FLIGHT PERFORMANCE
UH-60A USA S/N 82-23748

NOTES: 1. AIRCRAFT CONFIGURATION: EXTERNAL
FUEL SYSTEM, TWO 230-GALLON TANKS

2. REFERRED ROTOR SPEED = 258.1 RPM
3. BALL CENTERED TRIM CONDITION
4. AVERAGE LONGITUDINAL C.G.
LOCATION AT FS 347.5
5. MID LATERAL C.G.
120 6. POINTS DERIVED FROM FIGURES E-7 THRU E-9
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FIGURE E-7
LEVEL FLIGHT PERFORMANCE
UH-60A USA S/N B82-23748

AVG AVG AVG AVG AVG AVG
GROSS C.G. LOCATION DENSITY OUTSIDE REFERRED COEFF ICIENT
WEIGHT  LONG LAT ALTITUDE AIR TEMP. ROTOR SPEED OF THRUST
(1B) (FS) (8L) (FEET) (DEG C) (RPM)
17390 348.1(FWD) 0.0 4690 18.5 258.2 .006980
NOTES: 1. BALL CENTERED TRIM CONDITION
2. AIRCRAFT CONFIGURATION: EXTERNAL
= FUEL SYSTEM, TWO 230-GALLON TANKS
=
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CIFIC RANGE
(NAUT. AIR MILES/LB. FUEL)

ENGINE SHAFT HORSEPOWER

AVG

0.20

0.15

0.10

0.05

2600

2200

1800

1400

1000

C.G.

LONG
(FS)

AVG
LOCATION
LAT

(BL)

348.0(FWD) 0.0

FIGURE E-8

LEVEL FLIGHT PERFORMANCE
UH-60A USA S/N 82-23748

AVG AVG AVG

DENSITY  OUTSIDE REFERRED

ALTITUDE  AIR TEWP. ROTOR SPEED
(FEET) (DEG C) (RPM)
7920 11.0 258.3

AVG

COEFF ICIENT
OF THRUST

.007970

NOTES: 1. BALL CENTERED TRIM COND!TION
2. AIRCRAFT CONFIGURATION: EXTERNAL
FUEL SYSTEM, TWO 230-GALLON TANKS
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FIGURE E-9

LEVEL FLIGHT PERFORMANCE
UH-60A USA S/N 82-23748

AVG AVG AVG AVG AVG AVG
GROSS  C.G. LOCATION  DENSITY  OUTSIDE REFERRED  COEFFICIENT
WEIGHT  LONG LAT  ALTITUDE  AIR TEMP. ROTOR SPEED  OF THRUST
(LB)  (FS) (BL)  (FEET) (DEG C) (RPV)
18630 347.2(FWD) 0.0 9010 4.0 257.8 .009013
NOTES: 1. BALL CENTERED TRIM CONDITION
2. AIRCRAFT CONFIGURATION: EXTERNAL
-~ FUEL SYSTEM, TWO 230-GALLON TANKS
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SPECIFIC_RANGE

(NAUT. AIR MILES/LB. FUEL)

FIGURE E-10
LEVEL FLIGHT PERFORMANCE
UH-60A USA S/N 82-23748

AVG AVG AVG AVG AVG AVG
GROSS C.G. LOCATION DENSITY OUTSIDE REFERRED COEFF ICIENT
WEIGHT  LONG LAT ALTITUDE AIR TEMP. ROTOR SPEED OF THRUST
(LB) (FS) (8L) (FEET) (DEG C) (RPM)

17250 347.7(FwD) 0.0 5040 19.0 258.4 .006974

NOTES: 1. BALL CENTERED TRIM CONDITION
2. AIRCRAFT CONFIGURATION: EXTERNAL
FUEL SYSTEM, NO TANKS

ENGINE SHAFT HORSEPOWER
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FIGURE E-11
LEVEL FLIGHT PERFORMANCE
UH-60A USA S/N 82-23748

AVG AVG AVG AVG AVG AVG
GROSS  C.G. LOCATION  DENSITY  OUTSIDE REFERRED  COEFF ICIENT
¥EIGHT  LONG LAT  ALTITUDE  AIR TEMP. RCTOR SPCED  OF THRUST
(LB)  (FS) (BL)  (FEET) (DEG C) (RPW)

18170 347.6(FWD) 0.0 7040 13.0 258.3 .007979

NOTES: 1. BALL CENTERED TRIM CONDITION
2. AIRCRAFT CONFIGURATION: EXTERNAL
FUEL SYSTEM, NO TANKS
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SPECIF IC RANGE

(NAUT. AIR MILES/LB. FUEL)

ENGINE SHAFT HORSEPOWER

FIGURE E-12
LEVEL FLIGHT PERFORMANCE
UH-60A USA S/N 82-23748

AVG AVG AVG AVG AVG AVG
GROSS C.G. LOCATION DENSITY QUTSIDE REFERRED COEFFICIENT
WE IGHT LONG LAT ALTITUDE AIR TEMP. ROTOR SPEED OF THRUST
(tB) (FS) (BL) (FEET) (DEG C) (RPM)
18800 347.1(FWD) 0.0 9190 9.5 258.4 .008927
NOTES: 1. BALL CENTERED TRIM CONDITION
2. AIRCRAFT CONFIGURATION: EXTERNAL
FUEL SYSTEM, NO TANKS
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SPECIFIC RANGE
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NOTES: 1.

FIGURE E-13
LEVEL FLIGHT PERFORMANCE
UH-60A USA S/N 82-23748

AVG AVG AVG AVG
DENSITY QUTSIUE REFERRED COEFF ICIENT
ALTITUDE AIR TEMP. ROTOR SPEED OF THRUST

(FEET) (DEG C) (RPM)
4170 15.5 257.5 .007016

BALL CENTERED TRIM CONDITION

2. AIRCRAFT CONFIGURATION: EXTERNAL

FUEL SYSTEM, TWO 230-GALLON TANKS,
CARGO DOORS AND GUNNER WINDOWS OPEN

CURVE DERIVED FROM DASHED i
LINE WITH AFq FROM i
FIGURE E-3 |NCORPORATED
H i i
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SPECIFIC RANGE

(NAUT. AIR MILES/LB. FUEL)

FIGURE E-14
LEVEL FLIGHT PERFORMANCE
UH-60A USA S/N 82-23748

AVG AVG A6 AVG AVG AVG
GROSS C.G. LOCATION DENSITY OUTSIDE REFERRED COEFF ICIENT
WEIGHT  LONG LAT ALTITUDE AIR TEMP. ROTOR SPEED OF THRUST
(LB) (Fs) (8L) (FEET) (DEG C) (RPW)

18970 347.2(FWD) 0.0 9510 14.0 258.1 .008976

NOTES: 1. BALL CENTERED TRIM CONDITION
2. AIRCRAFT CONFIGURATION: EXTERNAL

ENGINE SHAFT HORSEPOWER

FUEL SYSTEM, TWO 230-GALLON TANKS,
CARGO DOORS AND GUNNER WINDOWS OPEN
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SPECIFIC RANGE

(NAUT. AIR MILES/LB. FUEL)

ENGINE SHAFT HORSEPOWER
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FIGURE E-15
LEVEL FLIGHT PERFORMANCE
UH-60A USA S/N 82-23748

AVG AVE AVG AVG AVG
C.G. LOCATION  DENSITY  OUTSIOE REFERRED  COEFFICIENT
LONG LAT  ALTITUDE  AIR TEMP. ROTOR SPEED OF THRUST
(FS) (BL)  (FEET) (DEG C) (RPM)
347.4(FWD) 0.0 3850 9.0 257.7 .007001
NOTES: 1. BALL CENTERED TRIM CONDITION
2. AIRCRAFT CONFIGURATION: EXTERNAL
FUEL SYSTEM, TWO 230-GALLON TANKS,
CARGO DOORS AND GUNNER WINDOWS OPEN.
PILOT/COPILOT DOORS REMOVED
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FIGURE E-16
LEVEL FLIGHT PERFORMANCE
UH-60A USA S/N 82-23748

AVG AVG AVG AVG AVG AVG

CROSS  C.G. LOCATION  DENSITY  OUTSIDE REFERRED  COEFF ICIENT

WEIGHT  LONG (AT ALTITUDE  AIR TEMP. ROTOR SPEED  OF THRUST
(LB)  (FS) (BL)  (FEET) (DEG C) (RPM)

18810 347.1(FWD) 0.0 9710 14.0 258.2 .008950

NOTES: 1. BALL CENTERED TRIM CONDITION
2. AIRCRAFT CONFIGURATION: EXTERNAL

-~ FUEL SYSTEM, TWO 230-GALLON TANKS,
e CARGO DOORS AND GUNNER WINDOWS OPEN,
£ 20 PILOT/COPILOT DOORS REMOVED
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FIGURE E-17
CONTROL POSITIONS IN TRIMMED FORWARD FLIGHT
UH-60A USA S/N 82-23748

AVG AVG AVG AVG AVG
aa?g" EGG&‘ LOCAT I ON (Axgrl?l‘n' o RSETFERICD a“I_FFIClEN‘!
'(m) (FS) ?ﬁn ?rm“?s (oec €) ?r%’v) - i
17390 J44.1 FID 4890 18.5 258.2 008960
17540 348.0(FWD 7920 11.0 258.3 007970
18630 347 2 (3 )] 9010 4.0 237.% .000013

TES: mam AND EI.ECTRlCALLY D1 SCONNECTED
2 AIRG\’AFT cooneuu EXTERNAL FUEL
T80 230-GAL 04

MAXTMA COLLECTIVE CONTROL TRAVEL = 9.7 iNCHES

MAX 1AM LATERAL CONTROL TRAVEL = 10.0 INCHES
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FIGURE E-18
CONTROL POSITIONS N TRIMMED FORWARD FLIGHT
UH-60A USA S/N 82-23748

S AVG AVG AVG AVG
aul?“ c G. Lm 1ON DENSITY ?ﬂ ?}'lmm
(MG %Su ?rm' N leoy ?‘ s)EE" THST

O 172% M7.7 FID 5S040 19.0 258 4 006974

A 18170 M7.6(FWD 7040 13.0 258.3 007979

< 18800 347 1 m 9190 9. 2&.4 .000927

a:mm AND ELECTRICALLY D1SCONNECTED
g{s%ﬂ'f WIG.RM ON: EXTERNAL FUEL

MAX 1M COLLECTIVE CONTROL TRAVEL = 9.7 INCHES

DIRECTIONAL CONTROL DATA NOT AVAILABLE FOR CT .

MAXIMUM LATERAL CONTROL TRAVEL = 10.0 (NCHES

20 0 0 ) 100 120 140 160 180
CALIBRATED AIRSPEED (KNOTS)

g



STABILATOR

sw
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FIGURE E-19
CONTROL POSITIONS IN TRIMMED FORWARD FLIGHT
UH-60A USA S/N 82-23748

AVG AVS AVG AVG AVG
EGGG LOCA ﬁ:?m msnuz ng:rm q‘!?HCIENT

7 FS) %ﬁn) tFEE“SE (0EG €) ?éw)

17480 347.8 ; 4170 15.5 257.5 .007016

18970 347.2{F¥D 9510 14.0 258.1 .008976
NOTES: PBA CENTERED AND ELECTRICALLY DISCONNECTED

MAXIMUM COLLECTIVE CONTROL TRAVEL = 9.7 INCHES

MAX{MUM DIRECTIONAL CONTROL TRAVEL = 5.7 INCHES
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GURE E-20

Fi
CONTROL POSITIONS IN TRIMMED FORWARD FLIGHT
UH-60A USA S/N 82-23748

AVG
C.G. LOCATION

) lr&)

3‘3:1{%3

AVG AVG AVG
DENSI TY OUTS |1 0E REFERRED COEFF ICIENT
ALTI AIR TEMP. ROTOR SPEED  OF THRUST
FEET {0e6 €) RP)
3850 9.0 257.7 .007001
710 14.0 .2 008830

NOTES: 1. PBA CENTERED AND ELECTRICALLY D ISCONNECTED
EXTE!NAL FUEL

SYSTEM CARGO
AND GUNER WINDOSS m mer/comor
DOORS REMOVED

MAXIMUM COLLECTIVE CONTROL TRAVEL = 9.7 INCHES

MAXIMM DIRECTIONAL CONTROL TRAVEL = 5.7 INCHES
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MAXIMUM LONGITUDINAL CONTROL TRAVEL = 10.2 INCHES
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DIRECTIONAL

FIGURE E-21
COLLECTIVE-FIXED STATIC LONGITUDINAL STABILITY IN LEVEL FLIGHT
UH-60A USA S/N 82-23748

SYM AVG AVG AVG AVG AVG
GROSS C.G. LOCATION DENSITY OUTSIDE ROTOR
WEIGHT LONG LAT ALTITUDE AIR TEMP. SPEED

(LB) (Fs) (BL)  (FEET)  (DEG C)  (RPW)

O 19600 361.0£AFT 0.0 5500 0.0 257

< 18980 360.9(AFT) 0.0 6490 -1.0 258

NOTES: 1. SOLID SYMBOLS DENOTE TRIM
2. PBA CENTERED AND ELECTRICALLY DISCONNECTED
3. AIRCRAFT_CONFIGURATION: EXTERNAL FUEL

& o- SYSTEM, THO 230-GALLON TANKS
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COLLECTIVE-FIXED STATIC LONGITUDINAL STABILITY IN CLIMBING FLIGHT
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FIGURE E-22

UH-60A USA S/N 82-23748

AVG AVG AVG AVG
C.G. LOCATION  DENSITY  OUTSIDE  ROTOR
LONG LAT. ALTITUDE  AIR TEMP. SPEED
(Fs) (BL)  (FEET) (DEG C) (RPN)

361.0(AFT) 0.0 6740 0.0 257

NOTES: 1. SOLID SYMBOLS DENOTE TRIM

2. PBA CENTERED AND ELECTRICALLY DISCONNECTED

3. AVERAGE ENGINE TORQUE = 94 PERCENT

4. AIRCRAFT CONFIGURATION: EXTERNAL FUEL
SYSTEM, TWO 230-GALLON TANKS
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FIGURE E-23
COLLECTIVE-FIXED STATIC LONGITUDINAL STABILITY IN AUTOROTATIONAL FLIGHT
UH-60A USA S/N 82-23748

AVG AVG AVG AVG AVG
GROSS C.G. LOCATION  DENSITY  OQUTSIDE ROTOR
WE [GHT LONG LAT  ALTITUDE  AIR TEMP.  SPEED
(LB) (Fs) (8L)  (FEET) (DEG C) (RP)
18950  361.1(AFT) 0.0 6260 16.5 258

NOTES: 1. SOLID SYMBOLS DENOTE TRIM
2. PBA CENTERED AND ELECTRICALLY DISCONNECTED
3. AIRCRAFT CONFIGURATION: EXTERNAL FUEL
SYSTEM, TWO 230-GALLON TANKS
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FIGURE E-24
COLLECTIVE-F IXED STATIC LATERAL-OIRECTIONAL STABILITY IN LEVEL FLIGHT
UH-G0A USA S/N 82-23748
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FIGRE E-23
COLLECTIVE-FIXED STATIC LATERAL-DIRECTIONAL STABILITY IN LEVEL FLIGHT
UH-60A USA S/N 82-23748

AVG AVG o e AVG TRIM
RS C.G. LOCAT! \ (JSUISIE  ROIR  CALIBRATED
o6 4 “’i‘ GO 5 T
18980  361.0(AFT) 0.0 6420 12.0 258 133
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FIGURE E-28
COLLECTIVE-FIXED STATIC LATERAL-DIRECTIONAL STABILITY IN CLIMBING FLIGHT
UH-80A USA S/N 82-23748
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FIGURE E-27
COLLECTIVE-FIXED STATIC LATERAL-DIRECTIONAL STABILITY IN AUTOROTATIONAL FLIGHT
UH-80A USA S/N 82-23748

AVG AVG AVG AVG TRIM
GK'%S" C.G. Locmou ' A%?g ROTOR c:lilWTED
'ius) tm? fﬁt) ?FE{“I?E (0€G €)° fnwg m§
19250 361.2(AFT) 0.0 59380 18.0 258 78

NOTES: 1. SOLID SYINLS DENOTE TR
. PBA CENTERED AND ELECTRICAI.LY Dlm
IRCRAFT CONF IGURAT 10N: EXTE'M
» THO 230-GALLON
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FIGURE E-28
MANEUVERING STABILITY
UH-60A USA S/N 82-23748

AVG AVG AVG AVG AVG

SYM  GROSS C.G. LOCATION DENSITY OUTSIDE ROTOR  CALIBRATED
WEIGHT %gg(); LAT  ALTITUDE AIR TEMP. SPEED AIRSPEED

TRIM

(LB) (BL) (FEET)  (DEG C) (RP) (KNOTS)
019540 361.0 m; 0.0 6060 16.0 258 79
018880 360.9{AFT) 0.0 6380 6.0 257 134

NOTES: 1. SOLID SYMBOLS DENOTE TRIM, OPEN SYMBOLS
DENOTE LEFT TURN, CROSSED SYMBOLS DENOTE

RIGHT TURN

2. PBA CENTERED AND ELECTRICALLY DISCONNECTED
3. AIRCRAFT CONFIGURATION: EXTERNAL FUEL

SYSTEM, TWO TANKS

§3 2 07 ORI TR T TR T
§E’g 10-
Q
5§\,E 20- E: i it =8azo = 2i2oze st
101 E ;i 1
2 T}
g,—\ 0- H iiiiss
==8 K ¥ it
EEV 104 : i £ : H R
- B i i
20~ E
5 s MAXIMUM LATERAL CONTROL TRAVEL = 10.0 INCHES
m - E TR
::'EEE 5 E" £
ﬁgm‘_‘a’ EE & i
o SN -
EZ23 : :
&7 ~3d Hi
6 MAXIMUM LONGITUDINAL CONTROL TRAVEL = 10.2 INCHES
“ ff 3 T
% -
gEEts |
—g g i : ¥
BEpg 4
g8
==3 - ; :
2+ s222 % T H THHHE
0.8 1.2 1.6 2.0 0.8 1.2 1.6

C.G. NORMAL ACCELERATION (g)

2.0




SANGO3S - MIL
2 (24 oz 8l 9% " 4} o y o, -
+ edemtivony z m o
e : g
Lt [ . m..m
1 4 ml..l
=
s 33
0 o
0 »
\.lmm
B == ol (m
— oT
/f \_\
o X
o o
—p ™, . - - — o, Sy, ° -
-
R N R R N N S O A O I o mn
.
8 -
/
of R
Y4
i g
oz §x
w 8
i L1724
SNVL NOTIVO-0CT OML “IELSAS 13N4 TVRIALXE NOILVANDI INGD —.&8..: ”m HSva
QILIIN0ISIO »:3.55028.83_ ‘L :SAON N1
13AN 6L o= 0559 00 (1#)8'08¢  OrSOl
S1004) 9 (M
NOI11GNOD mﬁ&x: mu&w kn:: ur__ w« L .%aw 1)
:a: Ve v ¥0108 8.&3 Emﬂ 3_28._ ‘9% SS9
il LT niul DAY

oxa.ﬁ N/S <w.. <8.§

INANI 35INd TYNIGNLIONOT 14V
82-3 014

-
-
11

)

© w»
14 MOMd STENI
NOI11S0d CHINGD
v

o ~
1&1




SONGDIS - M4

143 4 or | o " 4} ol
t &2
[ ~ \
. z mmm
€ mwm
v mmm
~ —adars . -2
0 <
0 b A
LED
- p 2
- (m
o
N o B
oo
) et o _
N B
v ot Wﬂ“
] sl ® =
o X
oV
w g
: o J4
az 8
— 082
SHNYL NOTTVD-0SZ OAL ‘ARLSAS 1304 VNI NOILVANDI N0 h.&ﬁ&._*« “m SO
G3193NN00S10 ATTVIINIITI ONY GRAUND VBd “L  SIUON N
13AN “$ esz o' 0.9 0°0 (ldv)L09c 08081
SL0M! Ay 9 030 1334 1 Sd a1
oo Sy &80 &P oSk B8 .
1 a31va8) Vo 30108 3015100 ALIS\G0 NOILYO01 *9°D SO
LI LI Nt OAY oAV oAV oAV

8¢L62-28 N/S VSN voo-HN

INdNt 3SINd TYNIGNL 19NOT QAVARN04
05-3 J01J




SANOD3S - ML
" z 02 o % " 7 ol
)
1 x‘ L
i
|
T R I
\\\l\..
i ™~
N——
" S " o -~
o —
T N\ A
w
T
{

SNVL NOTIVO-0CZ ONL ‘FGISAS 13N4 TMRELIG NOHVINOINGY LAVBRIV €

NO SOV °T
GUOIN00SIT A1IVIIHIOTTI ONV CREIND VBd "1 S3IN
Mo M Y] =4 0¥ 0905 0'0 (1w)S'09C 0981
S10001 el 9 030) 1234 (e (s4 )
N3t 11GNGD w< Ku._m 3l 8V LE: v 2“ eaw :.%_L
1H0114 GIVNRITY)  MOL¥  30ISIN0 ALISN30  NOILVDOY 9°9 SSOM
Nyl nidl Wiyl AV AV DAV AV

99££2-28 N/S VSN YOO-HN

INAN) 3SINd TYNIGNL I9NOT GUVRNO0S
1e-3 0L




"2 7 oz \ 9 " (1) of
- - + ...... ‘ ¥\ o2 v o2 -t 83
‘ - - B - z mmm .- m -y m 5
r \L[ mn 8
_ 8. B2 LBy b
; o B LB o B
L s mm.m g m.mm L, %3
I R o 5 ] -0c &
; _ 0 o) 0z
| ol \mwm )num ﬁ. )num
¥R R
m . s o -0l -0
. s 3 Loz B Lo &
o o L] roc &
I ~ap” - ——— .
w -~ —~= ! s e i K 3 Lot m Loz 3
" 23 28 3
— - ol & o e oo =
3 B D D A
\/ [ [
o X Loz } Lot &
T | n T il %z r*g
S R e ocz le 9@ oz
3 a3z 2
| = 36> | R3b
: orz - N&=
| | 3 m 00l ,q\.wm o B
,_ I 05z 0Tt m -0 )
;" Q g — "
O S.:ﬁ.om«.lf. e o o m
| ONL “GISAS 13U RGLG NOILVIOI NI LNUNIY [¢ g SV Heva b
3L0IN0SI0 ATIVOINIONI QN CSEUND) VBd 4 :SAUON oNOY 100mS 01%8
NO# LV10H01rW 08 0sz §'0 0909 0’0 (N)z'09c  09sBL
NO{ 110NOO MB,ZW sy ST Aty SR o
1H9114 @NEW Wi ‘SIS0 :_28 NI 1wy %% SS0M9
LI nia LI AV oA

29L£2-28 N/S VSN 30..5

INdNI 3SINd TYNIGNLIONOT 14V
-3 014

_.




”? , K- ('] L M. " 43 ol y 1 A cm 2 og =
| ! NM m qul
T 2 e - m
. T s 2
. £ mwm -y www g wmw
! M o~ Wll
} = <= s j || v 2% s 25 e E=F
1 L FL- < m:.llhm Lo wﬂll.\m Ly w
- o o -0z o ﬁa 1
: - 0 ol Loz
B | L Frla B
= ol (m -0 = toi (mm
0z ot -0
o3 Loz 3 Loy &
o o -6 o 2 K]
by, - -y = ——— . 0 — ROt T
e ~ B2 23 ER
PSR RN A S A e NFT T N M w_...n o g [ g8
® = o) 0
o X -z R -0l &
. 0tz -09 - oL
[
f o los D |
1 L Pt A
= [
— ~ oz §hz oo wmm o BB
| - o 8 fou (m Lo g
! m oz -oni o m
SHNVE NOTIVO-OCZ OML “NELSAS 13N IRAELIT NOILVUNOINGD LVHIY °S wsva Hsva NN
NO SO 'T LMOHS aivs
G3LIINNOISIG ATIVIINLOTTII GNV QRIEIND Vid °F SN oNGY
B[N (.73 5T oz o149 0°0 (1v)0°19c  O0¥OL
NO 11 1GNOO mw%_.? M:U%.M ..A%nmum? u%:uw v nﬁ %% :%R
101V QIVSBITVD NI  30ISIN0 ALIS\G0  NOILVO0Y T9°) SSOND
AINL nidL miL OAY 0AV Y MY

S¥LSZ-28 N/S VSN YOO-HN

1NdNI 3STNd VRELYT 1HO1Y
££-3 OIS

———— . ]




SANOI3S - Wil
" <A o,,h * 8l o " {1 ol (B L5 w’ 2 nw, " ww
| -
z S }¢ =
! mww [ mn wmm
— - £ ad -6
m - 23 wm mmm
w 1 v 532 s 83 o E3E
i Al ezsf Ly mm» L mm
_ oo rac o roc &
|
. 0 -0t -0z
4 17N \mwm \lwm \IWM
e ol (m T. (m.u -0t (m
— — 4 -0t -0
o X Loz R Lot &
o 5 02 o s &
R i S \u/_l 0 \m -0l \m, -0z m
" A 2 -]
. N c\ o ol Wmn -0 Wmm % ang
)
= e e v oL < T. ~
o X -0z R Lot &
_ o -08 3 -0 m
. 0sz oo, D |oe
“ E - 9
M we §4= | 3% |o GEE
i m lﬂ\W s
| oL -ovL m 04 )
)
| _ S~ 08z 091 L0 m
SNV NOTTVO-OCZ ORL °‘FEAISAS 13NJ TWRIZIXI :NOILVENDI IN0D p&cmu ”m HSVO HSYa M
GILIINOISIG ATIVDIHLITII ONV CREINDD Vd °1  :SAION ONOY 1uHs Q108
AN ™ =4 09 0819 00 (1N)8°09¢  000GL
e Gy et SRy Sy @& W8
19174 @GIVEITVD %0108 3GISIN0 ALISN30  NOILYO0) *9°D SS0M)
LIETY nL nil OAV AV AV AV

e¥iCT-Z8 N/S VSN V09—

1NdNI 3STNd VELYT 1T
-3 0l




SON0D3S - 1L
A2 x d @ 9 " K4 9 § 1 { i 9 7o P o
1 . u T - -t
= == —pe 88 L 82 b B
! 7 e o] n -
_r s 82 b & o B
- i) 2%8 Mmq.. asf
. = = + Sy oy == 14 [abu i fo g fb bt 2
- , - RS ¢t %8
; o= r0Z o 08 &
T T = = ° = [ a3 [® 2o
L —-— o o 358 -0 828 o mum
1 LR H
— + 0T -0 -0
< : o 3 . Lor &
T o = oz o roc &
.
—+ e = = = o . oL 2. 2
i
- - I NE . ttor mmm Lo mmm o 822
;_ ” = ® = ot =~ Ly =
- : o 3 Lz 3 ‘o1 &
oz 09 = of
m 4 1 8 g
- mmmee 4 e 99 |
! “ o~ — 5
4 o T2 oo B55 o BBE
3 mwm LR
(1,4 W -0zl m 0 w
| d : 082 Low Lot w
N1 NOTIVO-05Z OAL “KUSAS TANJ TRGLXS NOILVENOI 0D LIERLY ¢ HSvo — N
QIIIIN0ISIQ ATIVOINIITI GV QREIND Vad *L  SAUON N0 180HS aies
M0 M u oz 0's2 oree 0'0  (1)z'0%  00%8t
MO} 11GN0O %? hal S R m_ﬁ Sl 1o
10114 GAVSBITYO WL 30ISI0  AL(SG0  NOILYD03 “9°) SSON0
(I il RidL AV AV oAV oAV

SHLET-Z8 N/S VSN YOO

INdNI 38Ind TVA3IYY 1431
o0-3 IuNoid

illll[




SNYL NOTIVI-0CZ ORL “FGLSAS 1304 IVNIALXT NOI LVAND1 NGO p&ﬁﬂzv« m

ILIIMN0ISIAO ATIVILNIOTI ONY CREIND Vad ) SN

NOILVIOHOLW u 95T 0'se 0905 0°0 (1N)C°00E  09Y6)
S1000) e (o 930 1334 (18 SJ a

NOI LIONOO w< r._m ‘Al ..? ur:_ \ —L Mzow _&_L

149113 aauvee) v Y0104 3015100 ALISNGO NOILVI01 *9°) SSOM0
il niul niyl oY oAV oY oAY

894£2-28 N/S YSN VOO-HN

INdNI 3STNd TV3LVT 143
90-3 JN0ld

SONGO3S - ML
% "2 z oz o % " u o : ,_ y - 3 -
i i T e e it i 1 mmn
c mw-
, 222
...m,...um
oo
0 =2
-
== ol 823
. R
o §
oo
A A, s P ° —~
- Ve
< o Wmn
e S a L4
o ]
T I%
«z &
.
] m
05z
~ 4

ﬁo_. \lmz\m

¥oiviigvis

nn
IS




SONGD3S ~ ML
"7 (24 oz 0 o A (4] ot L e
! 4 i ~-=
: 8%
+— “ . ¢ 30
| — / ww
- - y 85
p 4 1 ”~ - = o
i A} 1m
i n H.\
A o
r \)._ o
| - = )MA
< « B
o X
_ -+ o
e, B e et maliing Binan "G | \\ ’ 0
1 M — o
o . . N /..(\/ e . LER
- - - /‘\1 > ot o~ O0b Wm
e — e >~
o X
0£2
=== Tl o g
=
oz § 3
| R
= , -~ o 8
: oz
SNVL NOTIVO-0CZ OBl ‘NELSAS 13N4 TVIREALXT NI LVENDI 0D h.&smu« ”m Hsva
QALIINOISIA ATIVIIELI3T1I ONY CREIND VBd 1 SILON oNOY
1N & 852 o o089 0°0 (1N)0°19¢  0es6s
S1001) N 9 030 1334 18 <4 a1
NOI11GNOD mmﬁ.: mu.w .rz ._w« :~< Ai .mzo“ :&_L
IH0114 T TR ] ¥O108 1SN0 ALISN0 NOI1V20] 979 SSOM)
L TP iyl (TP oAV AV oY oAV

$9/£2-T8 N/S VSN VOO

INdNI 3SINd TYNOLLDRIG L4
£4£-3 o114




SONCO3S - MIL
L3 2 A r 74 o | o " b4} ol o- rn
!
-/ , 228
- i sl e man e, \)W\‘x - “:m.\m
(<]
— ° »
i~ =M
PR ol I\m"
oz
of }
oL =
kl.l\ll 1 bfﬁo —
4 LR
- — ob &
~J w....
- "l ‘vtf o =~
o X
, ore
| |
1 -
| :
| = ooz 3
| w 8
L L &
SNV NOTIVI-0CZ OML ‘ILSAS 1INJ IR NOILVAND1 N0 »&ﬁh__« “m HSva
Q3LIIN0ISIA AVTVOINLITI ONV CREIND VBd 1 :SAUN NG
13A P4y} 852z o' 0059 0'0 (1N)e0¢ OuS
S10NN) () (2 030) (a Gl
NO11|QNG3 Mntmz: MH._W ‘3l dlv uw:: v x %aw Ew_k
1S a3veI v ¥O104 301S10 t_nﬂ 3:83 ‘9°9 SSOH)
LIET LIt niL SAY AV

LET-28 N/S <n__ <8.+5

INdNI 3SINd TYNO1103M1Q LHOIY
€-3 2014




-
8 8§
w

| A

v
8
{s10001)
QI3ISAY QAUVIIONI
MUSIS dIHS

) 4
|

SANOO3S ~ M1
o 8l o " 41 ol 9
|
_
‘ll\l‘ ‘r
If.ll..—
A= 1
- - llLC‘."\
= I —
o o o =
TN
\ |
- <5
\J
— e TN
T
!
i
| | ] .
ng” 1 —)
SHINVL NOTTVO-0CZ OML ‘NILISAS T TVNMILXT NOILVANDI 0D »&8&..*« “m
QILIINNOISIA ATTVIIAULITII ONV QREAIND VBd °L  SAUON
(7] 3 0°'sz 0095 0'0 (1#)0'08c 01261

&e& ..& :E nE :n & S
_< Mu.&w ..A-E ._? &::N.‘ :u. MSN :.M_k
adivesivo HOL0M 01S1n0 ALISNGG NO{1v201 ‘9°2 SSO¥
LIET 1Y AV oAV oAV oAV
SHLET-T8 N/S VSN YOI-HN

INdNI 3STNd TYNOI10IQ L1HDIY
-3 Ioid

2

§2




SANOI3S - ML
4] 7 4 8 9 " U o y ? o. . y oo ¥
0 — ' Lc j \\)I -y ﬁ I.m ﬁ m
L : 18 [ [
| 3 [ i 23
K I ¢ mwm e mmm ¢ %38
v mw.. L mm -9 mw..
s mmm Lg w..wm L, =8
o5 ~0Z o &
— TN 0 Lot oz
\lm.a ﬁ \lm ﬁ \IWW
‘.vfi\ 2 m|~ ° mlm 2 lm\mm
¥
0z 04 0
o R -z X -0i &
- o 5 -0 o rof 8
. o \ \ . amealo Lot 02
BN o Bl T B
— @ v ot ﬁ.e ~
o R Lz X LoL &
Y o roe M ros m
wZ g [0 )mm 0T 9
- - W
orZ &u 004 me ot mm
~ 05z m ozs (m Lo g
4 Lovi r: w
SINVL NOTIVO-0CZ ORL ‘FAISAS 13N TVRNIIXT NOILVANDINOD LVEMIY °€ HSVO NN
N0 SOV °Z v
GILIINNOISIA ATTVIIUIITI OGNV TREIND VBd 'L SAUON N0Y Luove a1es
NOI 1V10H0LW 8L 82 0°s? 0505 00 (1)i'0ec  orost
NOIL1ONDD uss.? M_Pm._k wa- iy ur_: v cﬁ M.aw E%k
199114 @UvNEiIvo  doloy 8_28 t.!ﬂ 3:63 *9°) SSOND
RiuL LI nL oAV

oxa.ﬁ N/s s.s 8..5

INdNI 35INd TYNOLLIORIA 1431
0or-3 2O




SONGO3S - ML
4 oz y
4. A4 A 9% 9 " (4] o 1 : 9, e 2 3
= T 88 |- 88 | B
Sy \/ 4 o 'y »
N * — ~_ 4 A([. \.\ £ m.lw 1“ =
R ~ N P 5 £ 2= FY Wm -6 WW
, ; | o I~ \ o - - WIM WI1 MIW
1 ~——- R PR S R g =~z \\- v ogxr- S o -9 F2F
\ ! H_ i AIII.: V4 Hm -2 mm
. E. G -9 X -£
_ ® o roz o o 8
+— e ol -0l o
] — 7 2 >» i »
W - \-\ ’/ \\\.\ IIV P\ - 0 m m -0 %m -0l \mmm
—— b a £ N - o — -
i — ol .l,/an =1 \ % (m (m
m K\ ot -0) -0
| N LA ® 3 Loz 3 Lov &
T T T T A ®5ores s
m y \ < 3 Lot 3 Loz 3
. RS = R R 2 2 [
e — \\. po==C \- /wﬂ - o Wmn -0 WMW "0 aeg
e IR q N rlfvm/ e 0 < oy~ Lo =
| | | nll A ol
A4 2 -0z R} Lol &
NS 02 -09 -08
M = 4 o’N “ 18 \.lnm 18 5
IIL e =z I “
—~_ osz § M ﬁS— mwm -0 Mmm
- e e e S i o & fou (m Lo g
- - - 14 -0rl Loy a
SINVL NOTIVO-0£Z OAL “FEISAS 134 TIRGLXA NDILVNDIINOD ﬂs&u« m Hsva Hsva N
31I3NN00SIC ATVOINLITII ONV GREIND Y8d °L  :S3ION o0 Luons Q1086
13AN ] -~ 0z 0959 00 (1av)e'09c  ofTel
e ey o &3 iy WS 40
1114 @ivVeBiIv0 ¥WI0M  30IS10 ALISNBG  NOILYD0} *9°) SS0¥0
LIET (] mL oAV oAV AV oAV

SHLCT-28 N/S VSN YOO-HN

d171S3aIS 1437 MOYd ISV
i3 2oi1d




SONOO3S - ML
% ¥z z oz { o " 2l ol Y 7 f . . .3
L z mma =3 mm -y MM..
' e tlll, e y —
m o] /ll“‘ \ \h ¢ wwm -y wm ] wmm
- T\ ~”~ N g =
- I.T Sl o el =P |\ ‘Mﬂ \\\\bl\-l.!‘ S h R iy b!. wum lﬂ W“.I l‘ mm-l
_ ~~L7 - -2 mm
¢ X Lg [~ LL
P o S -0 o -0 &
- - \\ // b \lw” -0t \Im rot \lm‘ﬂ
||||||||| e -— S S ’ _ o 38m Lo 338 la |m.
T —1—T a2\ s e 38 5 R
— <1+~ 0 01 -0
o3 Loz X 0L &
/
\ = o 5 ﬁa = roc &
e it 0 . = /1 N\ / N ) o Loz
) NN | A \ / Bes Bea Ba=
~ o S B ae e e e S BT < — o Wmm 0 g [ g
— l\\w\ — / vi o = oL~ 0
N / oc X Loz -0l &
ﬁ T o ® g [*{
= e N S S S B B e e e o ey S ezt b I 29 |oz 9
ite Lot S T== 2 S
— ﬁum.s,..vm o GBS
o L3
3 - == w 8 (o m . -
oz -0 01 a
SHNVL NOTIVO-0CZ OML *MALSAS 13N TNIILXD NOILVAINO| N0D —&Smu Y nSvQ Hsva NN
G31I3NNOOSIQ ATIVIIMIOTNI ONV CRIIND Y8d °4  SAUON NOY LyoHs Q108
13AN 8L 952 34 0859 0°'0 (lLiv)o'19€  oezol
NOI11aN00 28.7 e .mvﬂan? ur_: \ «.v_ MSN c%u
10174 @IVIEIv9 Wi 301S1N0 t_nﬂ 8:83 ‘9°d SSOM
LT LT niuL SAY OAY

SYLST-28 N/S VSN 875

d{1S30IS LHIIY NONS ISV
Zr-3 o4




SANOJ3S - MIL
.m L«« 4 ot o " 4] . ol _ L o
! ! l\l\ R
= =1 | : 8
; | N \\4/ 'y m-lm
| = T |\ 33
| —tv 2=F
] o =
u / 0
: — ~—~l N, 4 \.l..h”
A - \/I.IIV\I.I! ===10} mgn
] = ~
| 1]
. oz
! o 3
7~ S
4
\ochﬁ > \\\irly ol
- ) e AI 4 2
i /N / 0 mmm
~ p% W
P PP I - - ™ e gl }/. et — Q' -~
‘-
o
082
_ J I L 3
oz g
LT
1 082
SINVL NOTTVO-0CZ OLi “NEISAS T3NS TRMUXT NOILVANDI IN0D p.&s&h._« ”m HSYQ
GILIINOISIA AVIVIINIINI NV CRAIND VBd | :SIION NN
1N 43 4 0°¥Z 0959 00 (1N)o'19e  oue
S10M) e 030 1334 18 (a1
NO L 1GNOO ME.Z: MHL wa_ ¢w< HAE: y ( L { T
1914 @181 Y9 4010 8.&3 A11SN30 8:48._ *9°) SSON
niul nidl nhdl AV OAY

85.8 N/S VSN vOoa-N

di1S301S 1431 NoYd 3SY313M
£-3 014

Ay
X mwn
y m
.
o x5¥
rez o
-0l »
o B2
-0l
ra w
0l o
a
o 322
-0 MN
.00 m
r08 M
001 )mm
o £
o «wm
-Q091
HSW
1N0HS




SANOO3S - ML
2 (41 oz 4 9 " .«..r o p o, - . 32
z o ¢ -
M g mmw . mmm
_ — l-l\\l/ \\l Wmm mm1 Wml
w ’ =iy $ -2 -9 qlm.l
. V= o ~ T ~ s o ¥ = S “lmm ] wnllhm FN ww
A = S 0 wa FO0 o oz L
| S28 E| e
; ~=g==T== o Sm..... -0 m..m -0l mum
“ 3% (m (m
t oz -0l [0
_ o« = Lz N Lot &
. oL = roe o X &
_ A
. — ‘“ // . 3 0 \m Lol \m ﬁ.o« \m
e L VA - o 5% 23 g®
——— e = Wm 0 Wm.. s Wmm
oy > LL o s T N Jo oz ~ Lol g 0 -~
S o § -z X -0l &
, _ T ore 09 z rov m
M T 082 ¥ ﬁsﬁ )mm 08 m.
_ el T L
[
(724 w 0¥t mm -0t m
082 L0oL -0 m
SINVL NOTIVO-0CZ OAL *MELSAS 13NJ TVRIIXT NOTIVAND| N0 »&8&: “m HSva HSVa an
GILOIN0ISIA ATIVIINELITII ONV CREBIND VBd | :S3UON MO L80HS 01108
13AN ”©i 4 o'yt 0sv9 0'0 (14v)e'0sc 0898t
NO |4 1GNOD %? ot .mr_oun? ur: \ cﬁ “m% :%k
19114 Q31481 1v9 ¥OL0Y 3015110 t_mﬂ_ 8:83 ‘9'0 SSOM9
nuL LT niNL oAV oy

84L57-28 N/S vSn <°o..__5

d11S30IS L1HOIY MOY4 ISV
-3 3014

._




2 4 0z o o ¥4 z 0l s y (1 L em P
ZaNlI : 88 | 8
. \\/I \\ / - [~
e e — T\ i llnll/\. q\\ - R ¢ m.lm " m1m
= =T 3 | 32
1 m == v mm.l -9 “m
“ s23" L, a5"
. =~ o5 02 o
. \ — /
— —~ / PP o S 4 0 wa lo
Oy nha 2 S EI el o 1/ 47 II \ \.ll" \l“
-
u« pr g |4 N oL m m o mlm
i N\ / 5 3
: \, y oz -01
! N L
L o€ X -6 X}
i T — a n 18 n
P ] Vatn /| \
— P et ~t7 \ e oL
_ i ~ i/ o<
/TNTYT VT g
. . N A 0o < Lo =
A
j A L/ \ d
i » 4] m -0 m
N
0z 090 .
N [~ &
“_‘V 3 — o P gy - (+ ¥4 “ 08 )mm
. - ©
_. M S oz &m 001 mvm
o KOS
S o 8 fou m
e — = — T T 062 Lovi
SHNVL NOTIVO-O0EZ ORL ‘MALSAS T4 TWNMEIXT NOTLVANDINOD 1 VNIV € HSve HSvQ
NO SOV 7
G3LIINNOISIG ATTVIIELIITI ONV CRIAUND VBd *F  SIION o1 18048
;M0 08 -4 0'sz ozre 0°0 (IN)E09F  OcI6l
{S10001) L] (2 930) 133y (18 (3] )
NO | 1 1ONOO QI3JSHIY mwtw ‘i dlv uw:: v =~ %aw _L_k
1KD174 aQAV¥BIIYD  ¥OION  30IS1N0 ALIS3C  NOILYO0T “9°D SSOH9
nIyl Ml niaL oAV OAY AV OAY

S¥LET-28 N/S VSN YOO

d11S30IS 1431 NO¥S 3ISVITN
-3 2ot 4




SONOOIS - ML
@ e v w e & % % g ¢ SR A
- | o | | T m
T L EEREP i i i S wwm
h i ? ! e Lo ~d I\ Al } i ¢ -lm
T T N~ ﬁ}ni\\h‘....-uu.. JD IS VUV S BRI “\u =
- " =7 O ﬁ T, R
I ! | | - -
: _ ! _ ! L | 1 Lg Ulm
| — T T T - S n
1 1T T NEREEEREREN!
bk i 4 bt —t Loz .,
. “ / N \NlIM
M EESPEEEE S R R U B S A X,\ == - e --LHJWH; BBm
! ~ mo=gemll \ | 39
N ~ ||\;\ B /1 i \F{H*v\ ..O
ﬁ -+ Pt .qlrlllvuh“lrop ]
— - — ——r R o
T T ek L L I T T T
' = s 2l - 4 > -J’L..\\\ /4-_!. T i QF =y
L ﬁﬁ - e /\IA [@ﬁ \\\ Iy N M ‘Jﬁl H ~310 mmm
> L‘\( -/ P | uw\ o
\_/ |
FE—— P _ .
. \‘l.\._f Loz ®
- 02
T RN CT 1T T
JT e B S i bty ISR Rt TS SRS SR ..', llllll PRSI TS |l(‘h!\..%”\1h+vn.: otz
- T i
A_ V 1 —~— &1% H | i | m
e BEEE. -
_ | - — —t 1 \TIL..I\.TL. et e e e
SHINVL NOTIVO-OCZ OML ‘FCIISAS 1IN TMNI3LXT NOILVAETIINGD »&8&.&« “m HSva
GILIINNCOS!Q ATIVIINIOITI ONY CREIND vEd ‘1 SIUON NN
anilg it 8L sz o'z 0£59 0°0 (ldv)g-09¢  OL68L
(S10M4) (nt) (0 930) (1334) (18) (s4) (a1)
NOI11QNOD aT3dsy 1Y @345 JalL ¥y 30011V v N0 LHO(3A
10114 a8l v ¥010Y 3015100 ALISN3O NOILYI0T “9°D SSO¥9
LI LI TP SAY 3AY oAV oAV

$¥L£2-28 N/S VSN YO9-HN

di1S301S 1HOIY NOHd ISV
93 014

,
)

-
"
1

T
-

N

¥

0
11 TINd A4 SIHONT
NOI111S0d T0MLNCO

-
"~

8
n

-
o
=

\J

T
[~}
30)
111
10M

L Lo L) " L]
@ °© 2 g 2
1o
235/930) 9
U 3éu
o

(

T

2
I

8 8 2
(sio0t)
ot

&
Y @I

FELSAS diIHS

|
2
-

52

H01v1i8viS

o




SANGO3S - ML
@ = v m o @ 9w 0w B ¢ 0§ . S N
T e L S A
i 4,. aeie ] : R Z ﬁ. T~ N||“Hd‘ixjﬂﬂ||)\\l’(l\l/ ! 1 m :s_i}fu m o
\l.\l.l.ll(-ll 2 el l\l\\ =
VR el PN 1.
+ t T ~ = -
N A TN ! ~” d
/ ) I\\‘ // \\\\ / v Wmm
J . \l " HW
L —Ls B2
Pt
L : \ R |
- PP it i A PP S Sy o e i e e B =23
Lr o N4 \/\ . .\ o ol Bea
T N 2 1 s
A hE AN N
g / \\
_ P Y _ P _ 0— w
N\ \\ N
r wl — \/'_ \\\V/ 0w o
Lo ol TN Y N .\l
- '/ — \l\ﬁ/l - .‘l\\ - rfl S — V\i( 17’/ - ol Py
-~ \f \ S / * / mw..
NP g \ \\ v VN wi-0 ym"
©
A L \«X o v
\ / / >
\_L/ ‘ ® 3
||||||| - 1— ._IIA = P i {\.\-I C " 1124
w " 'J ",Ll\\l\\ "nl"J“' l",‘ - . N N R SN
— | | 1 :
_.I.\\_|Ii|_p = ——S = ’r/ — . — - .ll‘dv.\.. : s = ﬁ |m[ 74 u m
! - . i
_ _ _ . \_r ! | e 8«
SNYL NOTIVO-0SZ ORL FALISAS 123 TVNNILXI NOHIVINDI NGO F&KM“_« “m HSYQ
QILIIN0ISIA ATIVIHHLITNT OGNV CRAIND Vad °L :SALON aNoT
NO I LVLONOLNY & [ ~4 042 0039 o0 (1w)z0sc  0008L
S1001) A 9 030 1334 18 (s4 (8
NO 1 LIONGD M MH.W ..A,u— ¢N< Z~< A—L gw 1404
1HO114 a3ive8i vy 0104 aSLN0 ALISNGG NOILYI0T 972 SSO¥9
LR TS nidl Nl AV AV oAY OAY

\\

S¥LE2-28 N/S YSN VO-HN

d17S301S 143) NO¥3 ISVITH
L3 014

04

(335/93)




« . SONGD3S - ML
.. A m_« ow. L 9 L : (4] o Y 1 ) y oo ¢ 3
llllllll St Cohata SRS SR e N I = nllﬁ.i. 2z MWO ﬁn mw ﬁq MW1
T 1— — ] pt P~ - w
! s =
— £ m m -9 w w o m 2
e e+ . \\\\‘/l w a W|
— S v 2% L mm. o mmf
! 1 ¢ “mm ﬁo mmn..\m L, U'm\
., o . -0 &
_ L |
e P l-lﬁ ™ ~~ Jrl|_ = ol -0 » o »
pal™ =2 ~ “T - ﬂ lm\mm -0 m-lm ﬁg mlm
2 | "R
o -0 o
L o 3 Loz & Lo &
o 5 ] e &
- lnﬁ? 7 // ] il i o ~}o0 3 ol 3 o
- s 25 23 mwu
—t > ol & to = Lol
LE LR
oc 3 -z 3 Low &
oz 09 = rof
JIR 1 [ . - g
.4 M 08 )mm 0T m
oz s toor 874 o Mu
3 s-m s
axr % oz Ho |
| L Ll L
0% “on Los M
SHVL NOTIVO-0CZ OAL “MGLSAS T4 TWRELLID SNOILVIION NGO LIy m 1Svo v 3
QILOINOISIQ ATTVIINIOTII ONV QREIND vad “| SN oNoY 150H8 0108
NO1 LV.1080L(W 173 09z 0'0T oL 00 (1a)1-008 00081
NO1 11 ON0O ms.o.? M_P%_M r..: 1\ uME ? :ﬁ MZN —.%u
10113 TIREIY Wi iS00 t.mﬂ_ NOLLYI0Y °9°3 SSON)
LI LI (I v

o!.nuna N/s vsn i

d115301S 1HO1Y NOYd ISV
g3 ROIJ




SANGI3S - I
of1 oz ojt \ i oL % oS or o oz o .
: ﬁ , : t8e
| ) w..m
|ﬂ A~ Y wm
| w o
_ L s umm
o =
, W _ 0 »
! 2 I\mn
—_—
\ T
[ et
o X
o o
el b L L _
-
o Mmm
8 -
L | ® =
~ 052
\\\\\\\ - Q’N “
o I >
— x
osz 3 3
o 8
oLz
SNVL NOTIVI-0CZ OAL *MALSAS TN TVNRELA NOLLYVINOIINGD »&xwp« “m o
@AUIINNOISIC ATIVIIUIINI ANV QREIND VBd 1 SAUON N0
93A7 .7 -4 oz 0vs9 0'0 (i1v)09c  oviGL
S10M1 L) (o 630) 1334 {18 (s4) a
NO| 1 1GNOD mm&x? MHL ‘0L ¥IY :~< :N INO1 :%.k
10114 a3ivee| o H010Y 301$1N0 ALISNG0 NOIiV20Y “9°) SSO¥
iy LIFTS Ny oAV 9AY oAV oAV

SVLET-T8 N/S YSN YOO

3SNOJSY MI1~9N0T TYNIONL IONOT
63 204




SONOJ3S - il
opt oz o} ol 08 V] 0 o9 0s or oz ol | o
g ’ ’ —f
! |
W | bt z m m
,_ ¢ wwm
} v wum
. = o=
A P ~ -1 ¢ mmm
o=
0 »
En
S F LN ol (mn
= oT
of }
T o5
e 0 \m
w*
- -~ o S5&
TIJI; _ 8
o X
oz
1 N
! t— 05z E
e e oz %
- \\\ Il.T” u w
oLz g
! o
SHNVL NOTIVO-OEZ OAL °FELSAS T3NJ IWNREALX3 :NOILVANOI NGO F&S&u« m vva
AILIINN0OSIA ATIVOINIOTTS ONV GRMAUND vBd L :S3UON ™01
13AN £l 0°¥Z ore 0°0 (1av)0"19¢  0£981

oIl “Ouxxv %? Muunw r— iy ._u_uw~< <~ rw »&

_2.5._ @g:a 8—9_ B_m.—a t.ﬂg s_pg oo
LIET LI L2} Y

25-8 N/S vsn voo-Hn

3SNOJS3N MMIL-ONOT TYNIONL 19NCT
08-3 0id




SONODIS - ML
0 % 9 " (4] ol y o "
e e o ~ - /Js \vf \\I.\ o wm o @ O o e o z w m f m ¢ mm.l
T Lﬁr)\‘\;\ “ M I mm : Mn N
£~ ¢ g | g -~
— L7...\l .\lﬁll\ Wm mﬂl 7' W“l
v B3F e EZ fs E3E
B | s w,mm Le wmm r mm
| 7] | R
| o 5
. - e o 8% ro 83 ro Sog
e
F k oL -0t _mo
B L
NOI11S0d 3101 01 103 § “ON o3 ® 3 oz
S s 2 e -0
\l\ﬂl J/f ) b mwm B \ll.m % = .Mb
=Y ¢ w.. -08 m o m
. 28 g3[™ BRg
=\ t ] mmy . TRt Y&
- s e o s o e e hgl-l \\\ Ifl\\!?‘ —L 8 Pmm r8— fSp
m r.[?(ll T \T.\\._ N N‘ “w 7 T [+ 24 08 N r0ov?
}w e ——+ - RY 06z g OO _Pe tosy
' N | oz 3 Loy W@d  ocor mu
M LT g ton m -00LY
- | — 0az ~09t 008y
SNVL NOTIVO-OCZ OAL ‘FELSAS 13N4 TNYALXE NOILVANG| NG ﬁs&.& « " reva _—
GALOIN00SIO ATIVOINIOTII NV CRI3INDD VBd *L  :S3UON NN 180MS aws
0 "2 0¥z 009 00 (1av)6°09c  0SSBL
sod, o Gen Jmd, o qa &
@ivaEIv  ¥OL0M 301S1n0 :.28 zo:<8.. 9°) SSON)
nal nial AV B

99457-28 N/S ¥YSn <8..s

RNV NIONT GILYINNIS 01 ISNOISRY
1s-3 Jnoid

e ————————————————————————————————




SON0I3S - Mil
%4 ol \ 0
> v oﬂ. ¥ i ¥ ¥ ! ‘ (= r DS ¥
T 2T e A e Y : 8 2 [ mmn o 8 g
ﬂ b e Il o N \IBVEA“\A”'// P L ;lu w-lw ﬁo m w Yn .lm
” — .//_I\'.l - - lL .lc\|+ - Wm qu WW'
o v 822 o 25 Lo FF
_ s wmm L, mmm L, =3
, o= 62 o ror &
! —~
, g B - o > 08 5 FE 5
It 71[ r\\\ o~ \m’m.A \mm.um \mmm
S S - N et ot (mn o g2 Lot 28
0T -0i -0
“—y e
i o R -0z R -1 &
AR 2 92 o
—— g - - -0
4 \l\ﬁlllﬁ.ll ‘\\J‘7f|. 17/ N\
— L2 N\ v m = . M 62 . &
-1 \ \ / - ~N -
\\ﬂ Vi ,‘f‘vd/ ‘ mwm '8 w 18 w
1 i o B tu SEfw TR
)
\ of B2 oot oot
NOI1}SOd 3101 OL 133 } *ON oz w m
- - oF
T R T ~—e :r m
”ﬂ L.\um A\ o g (@ 8¢ @ “
w e ‘ \Lﬁ oz § w Lo 8% ot MM
: =N - N VASEA o 8§ o (ww 0 g
/ g m
st L oL Loyl ot m
SINVE NOTIVO-0SZ Ol °‘PELSAS 1INJ TINNEIX3 SNCIIVRNDIINGD LIVANIY '€ Hsve - -
NO SO u
GILIINN0DSI0 ATTVOINLII ONV QREBINDD VEd °L  iSAUON NG 1S a8
anig Nl 08 8sT 0’ 0909 0'0 (14v)T°09¢ 09691
) a
NO111ONOO msa.~< M..H%.m pm_ ylv ur:_ v L MZN 1 _Hv
1114 alva8ivo ¥o104 8.&8 Ewﬂ_ 3:63 *9°0 SSoM9
nit nal niyl oaY

3&0«:«0 N/S § 5045

NIV NIONT G3LVINNIS 01 3SNOJS
6-3 old

_.




SINGLE-AMPL I TUDE VIBRATORY ACCELERATION (g)

FIGURE E-53

VIBRATION CHARACTERISTICS IN LEVEL FLIGHT
UH-60A USA S/N 82-23748

LATERAL ACCELERATION

AVG AVG AVG AVG AVG
GROSS C.G. LOCATION  DENSITY QUTSIDE ROTOR
WEIGHT  LONG LAT  ALTITUDE  AIR TEWP. SPEED
(LB) (FS) (L) (FEET) (DEG C) (RPM)
17390  348.1(FWD) 0.0 4690 18.5 260
LOCAT 0N

PARAMETER FS BL W

©  PILOT STATION 232.0  24.5 208.0

A AIRCRAFT CABIN 387.0 7.0 RT  215.0

NOTES: 1. MAIN ROTOR FUNDAMENTAL FREQUENCY = 4.3 Hz
2. AIRCRAFT CONFIGURATION: EXTERNAL FUEL
SYSTEM, TWO TANKS
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SINGLE-AMPL | TUDE VIBRATORY ACCELERATION (g)

FIGURE E-54

VIBRATION CHARACTERISTICS IN LEVEL FLIGHT
UH-60A USA S/N 82-23748

LATERAL ACCELERATION

AVG AVG AVG AVG AVG
GROSS C.G. LOCATION  DENSITY  OUTSIDE ROTOR
WEIGHT  LONG LAT  ALTITUDE AIR TENP. SPEED
(L8) (FS) (BL) (FEET) (DEG C) (RPM)
18630  347.2(FWD) 0.0 9010 4.0 253
LOCAT 10N
PARAMETER FS BL wL
©  PILOT STATION 232.0  24.5 208.0
A AIRCRAFT CABIN 387.0 7.0RT 215.0

NOTES: 1. MAIN ROTOR FUNDAMENTAL FREQUENCY = 4,2 Hz
2. AIRCRAFT CONFIGURATION: EXTERNAL FUEL
SYSTEM, TWO TANKS
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SINGLE-AMPL I TUDE VIBRATORY ACCELERATION (g)

—

FIGURE E-55

VIBRATION CHARACTERISTICS IN LEVEL FLIGHT
UH-60A USA S/N 82-23748

LONGITUDINAL ACCELERATION

AVG AVG AVG AVG AVG
GROSS C.G. LOCATION DENSITY OUTSIDE ROTOR
WEIGHT LONG LAT ALTITUDE  AIR TEMP. SPEED

(B) (Fs) (BL) (FEET) (OEG C) (RPM)
17390 348.1(FWD) 0.0 4690 18.5 260

LOCATION
PARAMETER FS BL WL
O  PILOT STATION 232.0 24.5 208.0
A  AIRCRAFT CABIN 387.0 7.0 RT  215.0

NOTES: 1. MAIN ROTOR FUNDAMENTAL FREQUENCY = 4.3 Hz
2, AIRCRAFT CONFIGURATION: EXTERNAL FUEL
SYSTEM, TWO TANKS
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SINGLE-AMPL I TUDE VIBRATORY ACCELERATION (g)

FIGURE E-56

VIBRATION CHARACTERISTICS IN LEVEL FLIGHT
UH-B0A USA S/N 82-23748

LONGI TUDINAL ACCELERATION

AVG AVG AVG AVG AVG
CROSS C.C. LOCATION  DENSITY  OUTSIDE ROTOR
WEIGHT  LONG LAT  ALTITUDE  AIR TEMP. SPEED
(L8) (FS) (BL) (FEET) (DEG C) (RPM)
18630  347.2(FWD) 0.0 9010 4.0 253
LOCAT | ON
PARAMETER FS BL L
©  PILOT STATION 232.0 24.5 208.0
A AIRCRAFT CABIN 387.0 7.0RT 215.0

NOTES: 1. MAIN ROTOR FUNDAMENTAL FREQUENCY = 4.2 Hz
2. AIRCRAFT CONFIGURATION: EXTERNAL FUEL
SYSTEM, TWO TANKS
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SINGLE-AMPL I TUDE VIBRATORY ACCELERATION (g)

FIGURE E-57
VIBRATION CHARACTERISTICS IN LEVEL FLIGHT
UH-60A USA S/N B82-23748
VERTICAL ACCELERATION
AVG AVG AVG AVG AVG

GROSS C.G. LOCATION  DENSITY  OUTSIDE ROTOR
WEIGHT  LONG LAT  ALTITUDE  AIR TENP. SPEED
(18) (FS) (BL) (FEET) (DEG C) (RPM)
17390  348.1(FWD) 0.0 4690 18.5 260
LOCATION

PARAMETER FS BL L

©  PILOT STATION 232.0  24.5 208.0

A AIRCRAFT CABIN 387.0 7.0RT 215.0

NOTES: 1. MAIN ROTOR FUNDAMENTAL FREQUENCY = 4.3 Hz
2. AIRCRAFT CONFIGURATION: EXTERNAL FUEL
SYSTEM, TWO TANKS
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SINGLE-AMPL I TUDE VIBRATORY ACCELERATION (¢)

FIGURE E-58

VIBRATION CHARACTERISTICS IN LEVEL FLIGHT

UH-60A USA S/N 82-23748
VERTICAL ACCELERATION

AVG AVG AVG AVG AVG
GROSS C.G. LOCATION DENSITY OUTSIDE ROTOR
WEIGHT LONG LAT ALTITUDE AIR TENP. SPEED

(L8) (FS) (BL) (FEET) (DEG C) (RPM)
18630 347.2(FWD) 0.0 8010 4.0 253

LOCATION
PARAMETER FS BL WL
O  PILOT STATION 232.0 24.5 208.0
A  AIRCRAFT CABIN 387.0 7.0 RT 215.0
NOTES: . MAIN ROTOR FUNDAMENTAL FREQUENCY = 4.2 Hz
2. AIRCRAFT CONFIGURATION: EXTERNAL FUEL
SYSTEM, TWQO TANKS
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SINGLE-AMPL I TUDE VIBRATORY ACCELERATION (g)

FIGURE E-59

VIBRATION CHARACTERISTICS IN TURNING FLIGHT
UH-60A USA S/N 82-23748

LATERAL ACCELERATION

AVG AVG AVG AVG AVG AVG
GROSS C.G. LOCATION  DENSITY OUTSIDE ROTOR  CALIBRATED
WEIGHT  LONG LAT  ALTITUDE  AIR TEMP. SPEED  AIRSPEED

(LB) (Fs) (8L) (FEET) (DEG C) (RPM) (KT)

19540  361.0(AFT) 0.0 6060 16.0 258 79

18880 360.9(AFT) 0.0 6380 16.0 257 134

LOCAT ION
PARAMETER FS BL W
©  PILOT STATION 232.0  24.5 208.0
A AIRCRAFT CABIN 387.0 7.0RT 215.0

NOTES: 1. MAIN ROTOR FUNDAMENTAL FREQUENCY = 4.3 Hz
2. OPEN SYMBOLS DENOTE LEFT TURN, CROSSED
SYMBOLS DENOTE RIGHT TURN
3. AIRCRAFT CONFIGURATION: EXTERNAL FUEL
SYSTEM, TWO TANKS

0 4CALIBRATED AIRSPEED = 79 KNOTS CALIBRATED AIRSPEED = 134 KNOTS
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FIGURE E-60

VIBRATION CHARACTERISTICS IN TURNING FLIGHT
UH-60A USA S/N B2-23748

LONGI TUDINAL ACCELERATION

AVG AVG AVG AVG AVG AVG
GROSS C.G. LOCATION  DENSITY  OUTSIDE ROTOR  CALIBRATED
WEIGHT  LONG LAT  ALTITUDE AIR TEWP. SPEED  AIRSPEED

(LB) (FS) (8L) (FEET) (DEG C) (RPM) (KT)

19540  361.0(AFT) 0.0 6060 16.0 258 79

. 18880 360.9(AFT) 0.0 6380 16.0 257 134

LOCAT ION
PARAMETER FS BL L
©  PILOT STATION 232.0  24.5 208.0
A AIRCRAFT CABIN 387.0 7.0RT 215.0

NOTES: 1. MAIN ROTOR FUNDAMENTAL FREQUENCY = 4.3 Hz
2. OPEN SYMBOLS DENOTE LEFT TURN, CROSSED
SYMBOLS DENOTE RIGHT TURN
3. AIRCRAFT CONFIGURATION: EXTERNAL FUEL
SYSTEM, TWO TANKS

0.4 CALIBRATED AIRSPEED = 79 KNOTS ~CALIBRATED AIRSPEED = 134 KNOTS
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FIGURE E-61

VIBRATION CHARACTERISTICS IN TURNING FLIGHT
UH-60A USA S/N 82-23748

VERT ICAL ACCELERATION

AVG AVG AVG AVG AVG AVG
GROSS C.G. LOCATION  DENSITY  OUTSIDE ROTOR  CALIBRATED
WEIGHT  LONG LAT  ALTITUDE  AIR TEMP. SPEED  AIRSPEED
(LB) (FS) (BL) (FEET) (DEG ¢) (RPM) (KT)
19540  361.0 AFT} 0.0 6060 16.0 258 79
18880  360.9(AFT) 0.0 6380 16.0 257 134
LOCATION
PARAMETER FS BL "
©  PILOT STATION 232.0  24.5 208.0
A AIRCRAFT CABIN 387.0 7.0RT 215.0

NOTES: 1. MAIN ROTOR FUNDAMENTAL FREQUENCY = 4.3 Hz
2. OPEN SYMBOLS DENOTE LEFT TURN, CROSSED
SYMBOLS DENOTE RIGHT TURN
3. AIRCRAFT CONF IGURATION: EXTERNAL FUEL
SYSTEM, TWO TANKS

0 4CALIBRATED AIRSPEED = 79 KNOTS CALIBRATED AIRSPEED = 134 KNOTS
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SINGLE-AMPL | TUDE VIBRATORY ACCELERATION (g)

FIGURE E-62

STABILATOR VIBRATION CHARACTERISTICS IN LEVEL FLIGHT

UH-60A USA S/N 82-23748
LATERAL ACCELERATION

AVG AVG AVG AVG AVG
GROSS C.C. LOCATION  DENSITY ~ QUTSIDE ROTOR
WEIGHT  LONG LAT  ALTITUDE AIR TENP. SPEED
(18) (Fs) (BL) (FEET) (DEG C) (RPW)
17390 348.1(FWD) 0.0 4690 18.5 260
LOCATION
PARAMETER FS BL "
STABILATOR, CENTER 702.0 0.0 247.0

NOTES: 1. TAIL ROTOR FUNDAMENTAL FREQUENCY = 20.0 Hz
2. AIRCRAFT CONFIGURATION: EXTERNAL FUEL
SYSTEM, TWO TANKS

o
N
)

8{ v
TAIL ROTOR
HARMONIC
(=)

n

e
o
i

It
N
)

HARMON1C
°
1
H

o
o
1

6( v
TAIL ROTOR

1.0+

HH

R

4{REV
TAIL ROTOR

HARMONIC
o
o
1

T
.......

o
o
L
a
EJ
o
:

°
r'S
-

Z{REV
TAIL ROTOR

HARMONIC
o
N
M

.

e gvenseanyY

lelelele
nnnnnn

o

o
L
i
32

o
»
I
5 |
H

1 {REV
TAIL ROTOR
HARMON1C

o o
o N
[} i
e

20 60 100 140 180
CALIBRATED AIRSPEED (KT)




SINGLE-AMPLITUDE VIBRATORY ACCELERATION (g)

FIGURE E-63

STABILATOR VIBRATION CHARACTERISTICS IN LEVEL FLIGHT

UH-60A USA S/N 82-23748
LATERAL ACCELERATION

AVG AVG AVG AVG AVG
GROSS C.G. LOCATION DENSITY OUTSIDE ROTOR
WEIGHT LONG LAT ALTITUDE AIR TEMP. SPEED

(LB) (FS) (8L) (FEET) (DEG C) (RPW)
18630 347.2(FWD) 0.0 9010 4.0 253

LOCATION
PARAMETER FS BL WL
STABILATOR, CENTER 702.0 0.0 247.0
NOTES: 1. TAIL ROTOR FUNDAMENTAL FREQUENCY = 19.5 Hz
2. AIRCRAFT CONFIGURATION: EXTERNAL FUEL
SYSTEM, TWO TANKS
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FIGURE E-64

STABILATOR VIBRATION CHARACTERISTICS IN LEVEL FLIGHT
UH-60A USA S/N 82-23748

LONGITUDINAL ACCELERATION

AVG AVG AVG AVG AVG
GROSS C.G. LOCATION  DENSITY  OUTSIDE ROTOR
. WEIGHT  LONG LAT  ALTITUDE AIR TEWP. SPEED
(LB) (FS) (BL) (FEET) (DEG C) (RPM)
17330  348.1(FWD) 0.0 4690 18.5 260
LOCAT 10N
PARAMETER FS BL W

STABILATOR, LEFT TIP DATA NOT AVAILABLE
A STABILATOR, RIGHT TIP  702.0 83.5 247.0

NOTES: 1. TAIL ROTOR FUNDAMENTAL FREQUENCY = 20.0 Hz
2. AIRCRAFT CONFIGURATION: EXTERNAL FUEL
SYSTEM, TWO TANKS
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SINGLE~AMPL | TUDE VIBRATORY ACCELERATION (g)

FIGURE E-65

STABILATOR VIBRATION CHARACTERISTICS IN LEVEL FLIGHT
UH-60A USA S/N 82-23748

LONG ! TUDINAL ACCELERATION

AVG AVG AVG AVG AVG
GROSS C.C. LOCATION  DENSITY  OUTSIDE ROTOR ‘
WEIGHT  LONG LAT  ALTITUDE AIR TEWP. SPEED
(18) (FS) (BL) (FEET) (DEG C) (RPM)
18630 347.2(FWD) 0.0 9010 4.0 253
LOCAT ION
PARAMETER FS BL WL

] STABILATOR, LEFT TIP 702.0 -83.5 247.0
A STABILATOR, RIGHT TIP  702.0 83.5 247.0

NOTES: 1. TAIL ROTOR FUNDAMENTAL FREQUENCY = 19.5 Hz
2. AIRCRAFT CONFIGURATION: EXTERNAL FUEL
SYSTEM, TWO TANKS
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STABILATOR

FIGURE E-66

VIBRATION CHARACTERISTICS IN LEVEL FLIGHT
UH-B0A USA S/N 82-23748

VERTICAL ACCELERATION

AVG AVG AVG AVG AVG
GROSS C.G. LOCATION DENSITY OUTSIDE ROTOR
. WEIGHT LONG LAT ALTITUDE AIR TEMP, SPEED
(LB) (Fs) (L) (FEET) (DEG C) (RPN)
17390 348.1(FWD) 0.0 4690 18.5 260
LOCATION
PARAMETER FS BL wL
O] STABILATOR, LEFT TIP 702.0 -83.5 247.0
A STABILATOR, RIGHT TIP 702.0 83.5 247.0
o STABILATOR, CENTER 702.0 0.0 247.0
NOTES: 1. TAIL ROTOR FUNDAMENTAL FREQUENCY = 20.0 Hz
2. AIRCRAFT CONFIGURATION: EXTERNAL FUEL
SYSTEM, TWO TANKS
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SINGLE-AMPL ) TUDE V!BRATORY ACCELERATION (g)

FIGURE E-67

STABILATOR VIBRATION CHARACTERISTICS IN LEVEL FLIGHT

UH-60A USA S/N 82-23748
VERTICAL ACCELERATION

AVG AVG AVG AVG AVG
GROSS C.G. LOCATION  DENSITY  OUTSIDE ROTOR
WEIGHT  LONG LAT  ALTITUDE AIR TEWP. SPEED
(1L8) (FS) (8L) (FEET) (DEG C) (RPM)
18630 347.2(FWD) 0.0 9010 4.0 253
LOCAT ION
PARAMETER FS BL WL

0] STABILATOR, LEFT TIP 702.0 -83.5 247.0
A STABILATOR, RIGHT TIP  702.0 83.5 247.0
O] STABILATOR, CENTER 702.0 0.0 247.0

NOTES: 1. TAIL ROTOR FUNDAMENTAL FREQUENCY = 19.5 Hz
2. AIRCRAFT CONFIGURATION: EXTERNAL FUEL
SYSTEM, TWO TANKS
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SINGLE-AMPLITUDE VIBRATORY ACCELERATION (g)

FIGURE E-68

STABILATOR VIBRATION CHARACTERISTICS IN TURNING FLIGHT
UH-60A USA S/N 82-23748

LATERAL ACCELERATION

AVG AVG AVG AVG AVG AVG
GROSS C.G. LOCATION DENSITY OUTSIDE ROTOR  CALIBRATED
WE IGHT LONG LAT ALTITUDE AIR TEMP. SPEED AIRSPEED

(LB) (FS) (BL) (FEET) (DEG C) (RPM) (KT)
19540 361.0(AFT) 0.0 6060 16.0 258 79
18880 360.9(AFT) 0.0 6380 16.0 257 134

LOCATION
PARAMETER FS BL wL
STABILATOR, CENTER 702.0 0.0 247.0

NOTES: 1. TAIL ROTOR FUNDAMENTAL FREQUENCY = 19.8 Hz
2. OPEN SYMBOLS DENOTE LEFT TURN, CROSSED
SYMBOLS DENOTE RIGHT TURN
3. AIRCRAFT CONFIGURATION: EXTERNAL FUEL
SYSTEM, TWO TANKS

CALIBRATED AIRSPEED = 79 KNOTS CALIBRATED AIRSPEED = 134 KNOTS
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SINGLE-AMPL I TUDE VIBRATORY ACCELERATION (g)

FIGURE E-69

STABILATOR VIBRATION CHARACTERISTICS IN TURNING FLIGHT
UH-60A USA S/N 82-23748

LONGITUDINAL ACCELERATION

AVG AVG AVG AVG AVG AVG
GROSS C.G. LOCATION  DENSITY OUTSIDE ROTOR  CALIBRATED
WEIGHT  LONG LAT  ALTITUDE  AIR TEWP. SPEED  AIRSPEED

(18) (Fs) (BL) (FEET) (DEG C) (RPM) (KT)
19540  361.0(AFT) 0.0 6060 16.0 258 79
18880  360.9(AFT) 0.0 6380 16.0 257 134

LOCAT ION
PARAMETER FS BL "

a STABILATOR, LEFT TIP 702.0 -83.5 247.0
A STABILATOR, RIGHT TiP  702.0 83.5 247.0

NOTES: 1. TAIL ROTOR FUNDAMENTAL FREQUENCY = 19.8 Hz
2. OPEN SYMBOLS DENOTE LEFT TURN, CROSSED
SYMBOLS DENOTE RIGHT TURN
3. AIRCRAFT CONFIGURATION: EXTERNAL FUEL
SYSTEM, TWO TANKS
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SINGLE-AMPLITUDE VIBRATORY ACCELERATION (g)

FIGURE E-70

STABILATOR VIBRATION CHARACTERISTICS IN TURNING FLIGHT

AVG
GROSS
WE | GHT

(LB)

19540
18880

B(REV
TAIL ROTOR
HARMONIC
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TAIL ROTOR

4{REV
TAIL ROTOR

Z{REV
TAIL ROTOR
HARMONIC

HARMON | C

) {REV
TAIL ROTOR
HARMONIC

UH-60A USA S/N 82-23748
VERT ICAL ACCELERATION

AVG AVG AVG AVG AVG
C.G. LOCATION DENSITY QUTSIDE ROTOR  CALIBRATED
LONG LAT ALTITUDE  AIR TEWP. SPEED AIRSPEED
(FS) (8L) (FEET) (DEG C) (RPM) (XT)
361.0(AFT) 0.0 6060 16.0 258 79
360.9(AFT) 0.0 6380 16.0 257 134
LOCATION
PARAMETER FS BL WL
o STABILATOR, LEFT TIP 702.0 -83.5 247.0
A STABILATOR, RIGHT TIP 702.0 83.5 247.0
(0] STAB!ILATOR, CENTER 702.0 0.0 247.0
NOTES: 1. TAIL ROTOR FUNDAMENTAL FREQUENCY = 19.8 Hz
2. OPEN SYMBOLS DENOTE LEFT TURN, CROSSED
SYMBOLS DENOTE RIGHT TURN
3. AIRCRAF1 CONFIGURATION: EXTERNAL FUEL
SYSTEM, TWO TANKS
0 4CALIBRATED AIRSPEED = 79 KNOTS CALIBRATED AIRSPEED = 134 KNOTS
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FIGURE E-71

SHIP SYSTEM AIRSPEED CALIBRATION

UH-60A USA S/N 82-23748

AVG AVG AVG AVG AVG TRIM
GROSS C.G. LOCATION DENSITY QUTSIDE ROTOR FLIGHT
WEIGHT LONG LAT ALTITUDE AIR TEMP, SPEED CONDITION
(LB) (FS) (BL) (FT) (DEG C) (RPM)
17590 349.2 0.0 7520 11.0 256 LEVEL
NOTES: 1. TRAILINS BOMB METHOD
2. AIRCRAFT CONFIGURATION: EXTERNAL FUEL SYSTEM,
TWO 230-GALLON TANKS
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FIGURE E-72
SHIP SYSTEM AIRSPEED CALIBRATION IN LEVEL FLIGHT
UH-60A USA S/N 82-23748

SYM AVG AVG AVG AVG AVG
. GROSS C.G. LOCATION DENSITY OUTSIDE  ROTOR
WE | GHT LONG LAT ALTITUDE  AIR TEMP.  SPEED
(LB) (FS) (BL) (FEET) (DEG C)  (RPM)
. 0 17250  347.7(FWD) 0.0 5040 19.0 260
0] 18170  347.6(FWD) 0.0 7040 13.0 257
A 18800  347.1(FWD) 0.0 9190 9.5 256
o 17480  347.8(FWD) 0.0 4170 15.5 258
] 18970  347.2(FWD} 0.0 9510 14.0 258
H 17240  347.4(FWD) 0.0 3850 9.0 255
o 18810  347.1(FWD) 0.0 9710 14.0 258
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E-NOTES s
1. DATA OBTAINED IN CONJUNCTION WiTH LEVEL FLIGHT £ S
éE PERFORMANCE TESTS USING BOOM AIRSPEED AS A }
T REFERENCE t
140 -2, SOLID LINE OBTAINED FROM FIGURE E-71
£3. AIRCRAFT CONFIGURATON:
E DO A-EFS, TANKS REMOVED
E OB  <FS, TWO 230-GAL TANKS, CARGO
- DOORS AND GUNNER WINDOWS OPEN
120 f X& -EFS, TWO 230-GAL TANKS, CARGO i
» i DOORS AND GUNNER WINDONS
§ OPEN, P/CP DOORS REMOVED
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DISTRIBUTION

HQDA (DALO-AV)

HQDA (DALO-FDQ)

HQDA (DAMO-HRS)

HQDA (SARD-PPM-T)

HQDA (SARD-RA)

HQDA (SARD-WSA)

US Army Material Command (AMCDE-SA, AMCDE-P, AMCQA-SA,
AMCQA-ST)

US Training and Doctrine Command (ATCD-T, ATCD-B)

US Army Aviation Systems Command (AMSAV-8, AMSAV-Q,
AMSAV-MC, AMSAV-ME, AMSAV-L, AMSAV-N, AMSAV-GTD)

US Army Test and Evaluation Command (AMSTE-TE-V, AMSTE-TE-O)

US Army Logistics Evaluation Agency (DALO-LEI)

US Army Materiel Systems Analysis Agency (AMXSY-RV, AMXSY-MP)

US Army Operational Test and Evaluation Agency (CSTE-AVSD-E)

US Army Armor School (ATSB-CD-~TE)

US Army Aviation Center (ATZQ-D-T, ATZQ-CDC-C, ATZQ-TSM-A,
ATZQ-TSM-S, ATZQ-TSM-LH)

US Army Combined Arms Center (ATZL-TIE)

US Army Safety Center (PESC-SPA, PESC-SE)

US Army Cost and Economic Analysis Center (CACC-AM)

US Army Aviation Research and Technology Activity (AVSCOM)

NASA/Ames Research Center (SAVRT-R, SAVRT-M (Library)




US Army Aviation Research and Technology Activity (AVSCOM)
Aviation Applied Technology Directorate (SAVRT-TY-DRD,
SAVRT-TY-TSC (Tech Library)

US Army Aviation Research and Technology Activity (AVSCOM)
Aecroflightdynamics Directorate (SAVRT-AF-D)

US Army Aviation Research and Technology Activity (AVSCOM
Propulsion Directorate (SAVRT-PN-D)

Defense Technical Information Center (FDAC)

US Military Academy, Department of Mechanics (Aero Group Director)

ASD/AFXT, ASD/ENF

US Army Aviation Development Test Activity (STEBG-CT)

Assistant Technical Director for Projects, Code: CT-24 (Mr. Joseph Dunn)

6520 Test Group (ENML)

Commander, Naval Air Systems Command (AIR 5115B, AIR 5301)

Defense Intelligence Agency (DIA-DT-2D)

School of Aerospace Engineering (Dr. Daniel P. Schrage)

Headquarters United States Army Aviation Center and Fort Rucker
(ATZQ-ESO-L)

US Army Aviation Systems Command (AMSAV-EA)

US Army Aviation Systems Command (AMSAV-ECU)

US Army Aviation Systems Command (AMCPM-BH)

US Army Aviation Systems Command (AMSAV-6)

US Army Aviation Systems Command (AMSAV-ED)

US Army Aviation Center (ATZQ-CDM-CS)




